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1.0 INTRODUCTION

The wideband recorder development covered by Contract NAS5-11643 has
goals which are typical for a satellite equipment program; long life, high reliability,
minimum power consumption and minimum weight. - This report documents the efforts
toward these goals on the Transport Unit portion of the recording system. The anal-
yses and tests conducted on the other portion of the recording system, the Electronics
Unit, will be covered in Volume 11 of the Design Study Report. .

The division of the recording system into two discrete packages is a require-
ment of NASA Specification $-731-P-79, which calls for a minimum of electronics in
the hermetically-sealed enclosure which houses the tape transport, Hence, the major
" elements of the Transport Unit are a transverse scan headwheel panel; a negator-spring
reeling system; a urethane coated, mylar-belt coupled, hysteresis motor driven cap-
stan assembly and 2,000 feet of special 2" wide video recording tape, Miscellaneous
guides, auxiliary heads, Iw balancing elements, end-of-tape sensors, pressure and
temperature sensors and electronics are also contained in the Transport Unit,

The recording system is required to record and reproduce wideband data from
either of the two primary ERTS sensors, The input from one, the RBV Camera, is
an analog signal with a bandwith from dc to 3,5 MHz, This signal is accommodated
through im recording techniques which provide a recorder signal-to-noise ratio in
excess of 42 dB, pp/rms over the specified bandwidth. The second sensor is a
Multi-Spectral Scanner (MSS} which provides, as initial oufput, twenty-six narrow-

- band channels. These channels are multiplexed prior to transmission or recording
into a single 15 Megabit/sec, digital data stream, Within the recorder, the 15
Megabit/sec,, NRZp, signal is processed through the same fm electronics as the RBV
signal, but the basic fm standards are modified to provide an internal, 10,5 MHz
baseband response with S/N ratio of about 25 dB. Following fm demodulation, however,
the MSS signal is digitally re-shaped and re-clocked so that good bit stability and
signal-to-noise exist at the recorder output,

Two additional, longitudinally-recorded channels are also included in the re-
cording system. One of these channels (Auxiliary Channel) is available for recording
of housekeeping or audio data and has a bandwidth and S/N of de¢-5 kHz and 30 dB,
pp/rms, respectively. The second longitudinal track (Search Track) is a pre-
recorded digital channel which outputs a discrete word for every 6' of tape movement.
The output bit rate is 2.5 dbps or 10 dbps for the playback or wind modes, respectively.

The electronics within the Transport Unit consist primarily of record amplifiers
for the wide band auxiliary channels, and playback amplifiexs for all three channels.



In addition, portions of the control elements for motor switching and shoe engage-
ment are also located in the Transport Unit, To minimize the possibilities of tape
path contamination, the electronics and most of the transport wiring are located on
the side of the motorboard opposite to the tape path,

The specification for the recorder life requires "one year in orbit after con-
siderable ground testing™ with a design goal of "4, 000 full length record and playback
cycles". In the studies and tests conducted during the design phase of the program,
drift during three years was considered for the electronics and 4,000 record/playback
cycles (5, 000 operating hours) was the minimum goal for all limited life mechanical
components except for the head-fo-tape interface, In this latter area, a goal of 1,000
hours was established by RCA's proposal and this goal represented a two-to-one im-
provement over the best previous results, Two tests of the most recent head/tape
configuration have now exceeded this goal without failure and the wear rates experi-
enced do not preclude an extension of life to beyond 4, 000 record/playback cycles.

Realization of this life, however, will depend on the ability to

1) minimize the build-up of contaminants on the video heads, and

2) prevent the occurrence of premature component failures. Design
efforts in these areas for the Transport Unit are described in this

report, together with the other related analyses and tests,

1.1 General Design Discussion

This study presents mechanical and thermal analyses of the transport mech-
anism and its pressurized enclosure, and electrical and thermal analyses of those
circuits within the enclosure,

The complete transport mechanism is mounted on a ribbed magnesium deck,
Figure 1-1 shows the ERTS Feasibility Unit transport with all functional components
mounted in place, The deck is fastened at 8 points to the lower half of the pressur-
ized enclosure. The deck is electrically isolated from the enclosure by rubber
spacers. The compliance of the isolators also provides strain relief between the
deck and the enclosure, Figure 1-2 shows the partially assembled ERTS Engineering
Model transport mounted in the lower half of the pressurized enclosure; the upper
half of the enclosure is shown so as reveal its inner stiffening structure, Figure 1-3
shows the full pressurized enclosure, minus the hermetic seal connectors.

The discussions which follow provide a brief functional description, where
called for, and then analyze the basic functional modes. In the mechanical analyses,

worst case loads or stresses are computed, and, where required, life estimates are



Figure 1-1. Front View of Erts Feasibility Unit Transport
with Transmission Cover Removed



Figure 1-2. Engineering Model Transport Unit



Figure 1-3, Pressurized Enclosure




made. In the case of circuitry, worst case analyses, stress analyses, and failure
mode and effects analyses are presented, A thermal analysis of the internal assem-

blage has been made and temperature rise predicted,

1.2 External Drawings

The outline dimensions and mounting information for the ERTS Transport
Unit are shown in Figure 1-4 (RCA 8671011), Four mounting pads are provided to
minimize case distortion while maximizing heat transfer, In order to minimize case
distortion, the four spacecraft mounting pads or areas, corresponding to the Transport
Unit mounting pads, should be flat and parallel to each other within , 005 total,

1.3 Key Assemblies

The key sub-assemblies include the Reel Assembly, the Capstan Assembly,
the Negator/Differential Assembly, and the Headwheel Assembly, The basic con-
struction of these assemblies is shown in Figures 1-5 through 1-8, respectively,

1.4 Tape Transport Assembly

The various elements of the Tape Transport Unit are shown in the top assembly
drawing (RCA 8358497) of Figure 1-9, A family tree for the unit is diagrammed in
Figure 1-10 while preliminary parts lists for the unit are ‘contained in Appendix 1A,
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Figure 1-9 TAPE TRANSPORT UNIT ERTS
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2.0 MECHANICAL DESIGN STUDIES

2,1 Tape Tensioning System

Tape Tension is maintained by torquing the two tape reels in opposite directions
by means of the Negator-differential mechanism. A schematic drawing of this subsystem
is shown in Figure 2-1. Two Negator springs torque an input shaft of the differential.
The gear and belt ratios are such that each reel "sees' 1/2 this torque, or the torque of
a single Negator coil, assuming no frictional losses. The differential rotation between
the two reels is exactly twice the rotation of the Negator power drum. An analysis
diagram of the tape tensioning system is shown in Figure 2-2,

Under steady-state conditions, the tape tension approaching the control track head
and headwheel will be the tension leaving the supply reel plus the drag effects of elements
between the supply reel and the control track head. These elements are, in sequence,
the reel follower roller, two idler rollers, the erase head and a third idler roller,

The torque on the supply reel would be, nominally, that of a single Negator spring,
if there were no frictional losses in the transmission. Actually, the supply reel torque
is increased by these friction effects,

Measurements were made on the Feasibility Model of tape tension, reel diameters,
and turns of the Negator output drum, and these values are shown in Figure 2-3, as a
function of recording time. At the time of this test, the transport was set up for 28
minutes of recording time. The values shown in Figure 2-3 will be slightly modified
for the full 30 minutes of recording time, In its application, the takeup sprocket on the
differential is driving the takeup reel (refer to Figure 2-2), and the supply sprocket is
braking the supply reel. In order to analyze the action within the differential, however,
the supply belt can be considered as driving its differential shaft, The reasoning for
this is based on the condition that the high tension side of the takeup belt is torquing
shaft no. 1 of the differential in the same direction as its rotation. By the same logic,
the takeup sprocket on shaft no. 2 can be considered as transmitting a load into the takeup
belt. Thus, the analysis can be made for a gear transmission in which the supply
sprocket is on the input shaft and the takeup sprocket is on the output shaft. For the
moment, assume no motion of the Negator spur gears, as will be the case at the center
of tape. For this type of gear transmission, the following relationships apply:

() M2/2Mp = E; = 1-01
and for static equilibrium,

(@ Mg =M, - M =2(-v)M -M = (1-2v)M
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Canmtvo/ Headwhee/

Crase Hd.  Track Hd. )
' N
O tj O
Jer
Capstan
v\w,,.
Q ?/7;-&
Tra 2
Taheup Ree/” =
_Sorocke?
fﬂ ﬁﬂ&'.dﬂ Jide - Dirve
Speocket— [ Shatr2 .
; 2
dtive ,,(' Shett#/ va \_/ )
”3 “;‘ Gears (2:7)
Shai - ”
b; Herential ' gt
Megaror Spri Myaﬁv Outas? Diien
T ot = Tension Approaching Control Track Hd,
TSR = Tension Leaving Supply Reel
TTR = ‘Tension Entering Takeup Reel
MSR = Torgue on Supply Reel
MTR = Torque ¢n Takeup Reel
M1 = Torgue on Shaft #1
M2 = Torque on Shaft #2
M3 = Torgue on Shaft #3
MD = Torgue at Negator Quiput Drum

Figure 2-2 ANALYSIS DIAGRAM OF TAPE TENSIONING SYSTEM
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where:

M, = the torque on the differential supply sprocket

= the torque on the differential takeup sprocket

2

3 = the torque on the differential spur gear
El = the efficiency of one mesh of the bevel gears
v, = the loss in one mesh of the bevel gears

When the two reel speeds are unequal, the Negator output drum and its spur gear

rotate slowly. When the supply reel speed is less than that of the takeup reel (SOT - COT),
the springs are unwinding, and the drum gear is driving its mate on shaft no. 3. When

the supply reel speed is greater than that of the takeup reel (COT - EQOT), the drum gear

is being driven by the shaft no. 3. Since these spur gears have a ratio of 2:1, the
following equations may be written:

where:

_ MD MD
(3) M3 = E2 (2) y (l-vz) ( 2). between SOT and COT
. L (MD MD
(4). M3 = E2 ( 5 )(1+v2) ( 5 ) » between COT and EOT
MD = torque of the Negator output drum
E, = efficiency of the spur gear mesh
vy = loss in the spur gear mesh

Combining equations (2) and (3), and also (2) and (4) leads to:
M

1
1
(6} (—17-2——-—) = (1L+2 vy + "’2) between COT and EOT
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Finally, the torque at the supply reel sprocket is increased by any small losses
in the sprocket drive and the consequent equations are:

MSR
M /2 Mp)

= (L+2 y -vz) = (1+2yp -v2+03) between SOT and COT

L
E, 1 1

MSR_ _ 1 _
= (]_+21)1+y2) (1+2p

8) (1/—2}{'53 E3 +v2 +v3) betwgen COT and EOT

1

where:

.
I

the efficiency of the sprocket drive

vy the loss in the sprocket drive
Some sample calculations will be made for correlation with the experimental
data for 28 minutes of tape length at two points during the record mode. The poinis to

be chosen will be at positions having equal Negator turns in order to reduce the ambiguities
due to lack of a specific calibration curve for the Negators in the Feasibility Model.

Using 20 turns of the Negator power drum, Figure 2-3 shows this to occur at the
4 minute point and the 23, 6 minute point. At these two points, the supply reel diameters
and tape tensions are, respectively, 7.62 inches and 9 ounces (at 4 minutes), and 5. 97
inches and 11 ounces (at 23, 6 minutes).

On Figure 2-4 are plotted available Negator data. A composite envelope of the
torque of 10 Havar Negators is shown. 8ince, at the time of this writing, there was not
similar data for stainless steel Negator, the curve for a single specimen is shown. A
reasonable estimate for the torque at 20 turns is 1. 75 in. -1b. per coeil, or 3.5 in. -Ib.
(56 in. oz.) total torque at the output drum.

The effect of the bearings in the Negator spools should be evaluated. There is a
single pair of R-6 bearings in the output drum and two pairs of R-6 bearings in the
Negator storage spools. These bearing pairs are preloaded to 5 1bs., and the nominal
friction torque per pair is estimated from vendor data to be 0.084 in, -0z. The drag
value of the bearings in the output drum is directly additive. The drag of the bearings
in the storage spools is modified by a variable mechanical advantage, depending on the
change in the ratio of diameters of the output drum coil to the storage spool coil. For
29 turns, this diameter ratio was calculated to be 1.06 (this ratio varies between ap-
proximately 0.85 at COT to approximately 1.85 at SOT/EOT). This bearing drag,
effective at the output drum is;

0.084 + 2 (1.06) (0.084) = 0.279 in. -oz.
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COMPOSITE OF 10 SPECIMENS
HAVAR NEGATORS

AVERAGE vaALUE

SINGLE SPECIMAN
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HEGATOR
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Figure 2-4 ERTS NEGATOR CHARACTERISTICS
For 20 turns of the output drum:
MD = 56 - 0.279 = 55.72 in. -0z. between SOT and COT
MD = 56 + 0.279 = 56.28 in. -oz. between COT and EOT
Regarding the efficiency of gears, this is usually considered to be arcund 98%
for precision gears. A more specific approach will be taken however. A theoretical

equation for the efficiency of a single gear mesh is;

1

1
99 E=1-qu (——+-—-—--) *
N1 N2

Where,

the coefficient of friotion

|~
it

A
i

number of teeth in the driver gear

number of teeth in the driven gear

=
il

*Mechanical Design Analysis, M.F. Spotts, Prentice Hall, Inc. (1964)
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or, alternatively, the loss in a single mesh is:

a0 v = N(L R L)
Nl Nz

For a single mesh of bevel gears in the differential:

v. = (1/54 + 1/32) = 0.1553 4

1
For the Negator spur gearing:

vy = TH (17106 + 1/212) = 0.0445 4

Since all the gears are made of 416 stainless steel and may be presumed to have
about the same value of y, it is seen that the spur gears have less than 1/3 the loss of a
single mesh of the differential gears. If we assume a gear coefficient of friction of y
= 0,3:

L
"

0. 1553 (0.3) = 0,0466

Vi

]
il

0.0445 (0.3) = 0,01335

!)2

In the case of the toothed belt and sprocket drive, there is no specific data at the
present. It is believed their efficiency is high since they do not have the basic sliding
contact which occurs in gearing, and, at all times, the majority of contacting tooth pairs
have no relative motion. A nominal loss (p3) of 1% will be assumed.

The torque delivered to the supply reel is calculated from Equations (7) and (8).

MSR = [ 1+2(0.0466) - 0.0134 + 0.010] 22-72 2111, —oz.
= 30.36 in. -0z. at 4 minutes
MSR = []. + 2(0.0466) + 00,0134 + 0.010] 56.28 ;n. -0%,

il

31.42 in. -0z. at 23,6 minutes
An allowance should be made for the drag of the reel bearings. These are R-8

bearings preloaded to 10 pounds, and their nominal torque is estimated at 0, 1 in. -oz.
(for worst case fit and temperature, this becomes 1,12 in. -0z.).
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The tape tension leaving the supply reel is:

(30.36 + 0,01) in. -oz.
3.81 inches

TSR at 4 minutes

7.96 oz.

(31.42 +0,01) in, -oz.

2. 985 inches at 23, 6 minutes

TSR

= 10.53 oz.

The bearing drag of the three idler rollers is very low and their effect on tape
tension, based on estimated bearing torque, is 0. 16 oz. The follower roller has bearings
with negligible torque. The effective drag of the urethane roller has not been studied,
but, based on experience with it, it is also belleved to be low and nominal drag of 0.2
oz. is assigned to it.

The drag of the erase head is caleulated by the rope-and-pulley equation of
classical mechanics. For a tape wrap angle of 12° and a coefficient of friction of 0. 333:

Head Tension Ratio = 90'0696 = 1.072

The calculated tension approaching the control track head is:

TCT = [7.96 + (0.16 +0.2)] 0z. x 1.072 at 4 minutes
= §.89%¢ oz,
TCT = [10.52 + (0.16 + 0.2) ] oz. x 1.072 at 23.6 minutes

11.68 oz,

2,2 Mechanical Transmission Components

2.2.1 Differential. - The requirements of the differential are shown schematically
in Figure 2-1. This system results in the two reels torqued in opposite directions, giving
tape tension at all times.

The actual capabilities of the differential were derived as follows:

The dimensions of the tape load were obtained through an RCA computer program
that calculates tape loads by the "Area Method”. From various combinations of reel
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diameters, delta turns between reels and negator torque capabilities, the most optimum
were:

Tape O.D, 8.000

[

Tape Thickness 0.0018 (tape + trapped air)

Tape Speed = 12,000
Time, Minutes = 33
Tape Length, Feet = 1980
Tape 1.D. = 5.320
Average Dia. = 8.793
Delta Turns = 113.10

Assuming an 8 ounce tension at midtape (equal tape on both reels), the required
torque at each reel shaft is:

T, = 8.02% 5'—729-& = 97.172 in. ~o0z. or 1.696 in. -Ib.

By definition, if end gear B is held stationary, end gear C will rotate twice as
fast as spider shaft gear D. Therefore, a 2:1 ratio is inserted between gear D and the
take—up reel gear F to maintain proper reel to reel rotation ratio. The torque required
at end gear B equals the torque at either reel, TR'

The Negator package is kept to a minimum by inserting a 1:2 ratio to reduce the
mumber of Negator turns and using two springs to obtain the necessary torque, T, .
Applying a 1. 10 factor to the required torque, due to the length of spring, the torque input
to the end gear is (1.693) (1.10) = 1,865 in,-Ih,, or 30 in, -0z, The torque at the end
gear is equivalent to 60 in. -oz, at the spider shaft where differentials are rated.

The differential design by Dynamic Gear is nearly the same as used in an Apollo
digital recorder and is capable of handling up to 200 in. -oz. for speeds of 20 to 200
rpm. This torque handling ecapability results in a safety factor of approximately 3:1.

2.2,2 Toothed Belt Drive. - The Power Transmission Capability P of the drive
belt is:

p - —NRIW
1.2 x 10°
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where

P = horsepower

N = drive pulley speed, rpm

R = pulley pitch diameter

T = helt strength per inch of width, pounds .

W = belt width, inches

The minimum drive pulley speed, N, occurs at maximum reel diameter at 12 ips
and is:

_ 12 in./sec. -
N = (_n) 8.00 in,) X 60 sec./min. = 28.7 rpm

R = 0.910 for 35 tooth pulley

J = 400 pounds for B-1096-4 belt

W= 1/4 in.

Therefore,

P = (28.7) (0.910) ?00) (/4 = 2.185 x 1072 ‘horsepower
1.2 x10

"The actual horsepower transmitted by the belt is:

hp = (Tl - Tz)v
33,000
Where,
T. = belt tension on tight side = 2.3 xﬁ = 5.051b
1 0.455 * '
T2 = belt tension on slack side =0
V = beltvelocity = M 0910 40 7 _ 4.84 . /min.

12
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Therefore,

(5.05) (6.84) 3

33 x 103

RUNNING HP = =1.05x10

During startup, an increase in tension is applied to the belt:

M= 12 - 0’02."2752 = 1.1 . -Ib
where,

Ieww = Reel Iy, in. -lb, ~sec.

t = startup time, sec,

The tension increase is:

1. 600
0. 455

x 0.9 = 2,44 1b,

Therefore, the horsepower transmitted during startup is:

(5.05 +2.44) (6.84) _ (1.49) (6.84)

33 x 103 33 x 103

1.55 x 10‘3

Hence the maximum transmitted horsepower is less than one-tenth of capability
of the toothed belt.

2.2.3 Negator Assembly

2.2.3.1 General Discussion. - The torquing of the two tape reels is effected by
two Negator coils on separate, coaxial storage spools which wrap about a common power
drum as shown in the schematic of Figure 2-1. The design configuration of each single
coil is shown in Figure 2-5,

A Negator coil consists of a long strip of spring material which has been cold-
worked so as to leave a natural curvature along the leaf length. With no restraining
forces on any section of leaf length, it will have a natural radius. Immediately after
the cold working stage, the natural radius is nominally constant along the entire length.
Negators are usually given a stress relief treatment after cold working, and this is
done with the leaf tightly coiled., The leaf material in the coil is constrained to a
slightly larger radius than the natural radius, with a resultant flexure stress, and this
stress increases with the radius of the coil. During the stress relief heat treatment,
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- D2 - e D .

STORAGE OUTPUT

DRUM DRUM

D2 = 1,44" D, =~ 2.485"

D3 = 2,.00" D, =~ 2.845" NBR Output Turns = 65
t =-0.0086" Spring Length = 510"
b = 1,000"

Torque = 1.73 in.# £ 10% with 4 turns on output Drum

Torque = 2.4 in-# maximum with 61 turns on output Drum

REF (Chart "X"'-"M" value is 1.9 in-# for 13,000 min. Life for S.5)
Outer R,, = 0,661

ONLY Inner Ry = 0.591
1 Mat'l - Type 301 High Yield Stainless Steel
2 Mat'l - Hamilton Precision Metals "HAVAR"

Figure 2-5 ERTS NEGATOR SPRINGS
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the degree of stress relaxation which oceurs is a function of the original residual stress.
As a consequence of all this, the final leaf natural curvature, Ry, varies slightly along
the leaf length, inereasing with the coil diameter. The expected variation of R, along
the length of our spring is estimated to be 12% (based on empirical data for 1095 spring
steel).

In its application, the leaf is coiled about a storage spool with a radius slightly
larger than R,. The outer length is then payed out and reverse~wrapped around a power
drum or output drum. The reverse-wrapped leaf material has a much higher flexural
stress than that on the storage spool, and, therefore, more elastic energy per inch of
leaf length. This, then, is the basis of the torquing mechanism; energy is required to
unwind leaf from the storage spool, and reverse flex it around the power drum,

In the ERTS recorder, two alternate Negator coil designs have been explored;
one made of high yield 301 stainless steel, and the other made of Havar alloy, In
general, the stainless steel coils have surpassed the original life estimate of 22,000
cycles, averaging over 42,000 cycles. The Havar coils, which were expected to reach
very high values (= 180,000 cycles), have not achieved this goal but still demonstrated
an average life comparable to that of the stainless steel.

A group of theoretical equations for Negator stress and torque are assembled
in Figure 2-6. Equations (1) through (5) are exact derivations. Equations (6) through
(9) are simplified expressions, equivalent to those used in the Negator design manual,
which uses the approximation R = Ry, (i.e., the natural radius of the leaf matches the
stack radius on the storage spool at all places, and, therefore, the flexure stress is
zero on throughout the stack on the storage spool).

The simplified equations will yield values of amplitude of stress fluctuation which
are higher than the actual values. When the analysis of fatigue life is based upon
conventional material parameters, plus an endurance diagram (such as the Goodman
diagram), the simplified equation will be more pessimistic than the exact equations.

On the other hand, when the material data is actual Negator test history plotted against

the ''stress factor', the approximation inherent in the simplified equations is compensated,
more or less. BSuch a body of data is available for the stainless steel Negators and is
shown in Figure 2-7. In the case of Havar, such data is not available and the more basic
approach must be used.

2,2.3.2 Fatigue Analysis of Stainless Steel Negators. - Assuming nominal
material properties equal to those inherent for the plot of Figure 2-7 (which entails a high
degree of quality control), the parameters which are slightly variable are the natural
leaf radius, Rp, and the leaf thickness, t. The leaf width may be considered controlled
to a negligible percentage of the nominal value, Ry, and t are not specified directly, but
they are implicit in the torque which is specified with a 10% tolerance. Referring to
equation (7), the torque is seen to be proportional to:

3 {1 1\2 1 1 2
t o + ) =t}lt|{z=+ — =18
(Rn RA) [ (Rn RA £
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Definitions

M = Torque, In. -Lb,
t = Leaf Thickness, In.
b = Leaf Width, In.
Rp = Stack Radius on
Pwr. Drum
Ry = Stack Radius on
y . Storage Spool
< : B8 . E = Elastic Modulus,
S‘ o - . P. Sclo
«Safofdfc poo/ Power Drum ) - Polssonts Ratio
' (= 0.3
{E 1 1 84 = Max. Flexure Stress
n SA = 2 IR + R at Rp
2 (1-v ) n A Sp = Max. Flexure Stress
at RB
£ 8 = Peak Alternating Stress
(2 5 = —t—z (—1— 1 8M = Mean Value of Stress
B (1-v ) R'n B RB 8¢ = "Stress Factor™
R
3 M = E2 bt3 IT2-+R—1_R—1:I(1+—A)
24 (1-¢v) n A B Ry
- . 1 6M 1 Et 1 1
o % -ty 2 () - B ()
P 2TAE 2 1+2RAfR RA/RB 4 (1-19) R, +R,
, 1 6M f 1
(B Sy =5 6, * 8y = (
M 27A B2 1+RA/RB
Equations (1) -(5) are exact. If the simplifying 'approximation = Rn) is used,
and also the Hunter Spring Co. "Stress Factor'', Sf =t {I/Rn + 1/RA). e equations
hecome
® 8-~ [ 5] —=% &
2(1-v) \n Al 20-v))
3
Ebt RA 1 1 2 EbtRA 9
@™ ™M = s \R. "R )T z
24(1-u)\'n A 24 (1-v))
8 M = 1 bt R,8 8
@) 1z % Ba %
6M 1
o S coE 5
p btR A Sf
(1) 85 =0
{11) SM = Sp

Figure 2-6 NEGATOR EQUATIONS
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We might reasonably approximate the 10% torque variation as being due to 10%
change in Sf2 only, and estimate worst case life. The maximum stress will ocour at the
start of wind of the power drum when the reverse flexural stress is maximum. Since the
power drum will have approximately four inactive coils on it, the minimum radius of
repeated reverse bending is:

R = 2.00

+ 4(0. = 1.024"
N > (0. 006) 19

also,

2
_aff2:485Y" _ 7(2.024) (0.006) _ "
R "J(“'—_z) el 1.222

Equation (3) is used to estimate the nominal value of Ry, for the nominal torque
of 1.73 in, -oz,

28 x 106 3

-3 2 1 1 1,024
= — - kil
1.73 = g4q0.09 P (6%10 ) [Rn ¥ 1022 1.222] (1 1.222)

Solving for Rn:

Rrl = 0,617", nominal value

and,
S, = 0,006 ! + 1 = (,01557, nominal value
f : 0.617 1.024 ’ ?

: Referring to Figure 2-7, the nominal design life is seen to be 19,000 cycles, If
the torque is high by 10%, then:

Maximum Sf = 0.01557 %4J1.10 = 0.0163

and the worst case design life is 16,300 cycles.

Some further consideration. should be given to the curve of Figure 2-7, upon which
the foregoing fatigue estimates were based. Examining the locations of the large number
of data points, it is obvious that the curve is quite conservative. An estimate based on
the data points near our stress level (Sf between 0.015 and 0.017) indicates that the curve
appears to be of the order of minus three times the standard deviation below the mean
life of any group tested. This consideration should only he applied to the nominal life of

19,000 cycles. The worst case life due to a smaller R is one of the factors tending
to cause specimens in any test group to fall helow the mean value.
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Correlation with our own test experience with 4 stainless steel Negators shows
the mean life of 42,700 cycles to be 225% greater than the nominal design life. Fatigue
tests at Hunter Spring of a group of Negators with a nominal life of 2,500 cycles yielded
values ranging between 6,000 and 9,000 cycles, and a comparable margin over the
design life,

2.2.3.3 Fatigue Analysis of Havar Negators. - The Havar springs were made to
the same torque and dimensional specifications as those for the 301 high yield stainless
steel. The difference in material properties are mainly: the Havar modulus of elasticity
is 30 x 106 psi compared to a nominal 28 x 108 psi for stainless steel, and the predicted
fatigue life for Havar is higher. This last consideration was not borne out in an initial
test of Havar springs; and this will be discussed further on,

~ To obtain the nominal value of Ry, at start of windup (after 4 ""dead' turns in the
power drum), we again use equation (3).

30 x 106

32 1 1 1.024
173 = 37 a-o,09 D EX10 [Rn * Loz 1.222] (1 * 1.222)

and R, = 0.664", nominal value.

Since there is no body of empirical test data for Havar Negators, the fatigue life
will be estimated from the peak alternating stress, Sp, and the average fluctuating stress,

SM-

From equation (4):

S 8 (1.73) 1
D -3 2 ( 2x1.024 1,024 )
1) 6x10 ) 1+ =066~ 1.222

and,
Sp = 88,820 psi, nominal value.
From equation (5):

s = 6 (1.73) ( 1 )
M -3, 2 1,024

o
]

156,850 psi, nominal value.
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When these values are plotted on a Goodman diagram (Figure 2-8), an equivalent
reversed flexure stress is found to be 156,000 psi. The fatigue of Havar in reversed
flexure is shown in Figure 2-9. The indicated life for this reversed stress value is seen
to be 180,000 cycles (nominal design).

The +10%?‘ increase in torque can be caused by either or both an increase int or a
decrease in Ry. In equation (4), the extreme right hand optional form shows Sp to be
proportionalto t and independent of M and R Equation (5) shows SM to be proportionalto
M and to vary inversely with t2.

It is understood that the tolerance on 0.006" Havar is 20,1 mil, or £1.67%. For
the case of +10% increase in torque, accompanied by +0. 1 mil in thickness, Sp would
increase +1.67% and Sy would increase +6,7%. If the 10% torque increase were due to a
smaller Ry, only, and t were at the nominal value, Sp would not increase, and Sy would,
again, increase 6.7%. Thus, the first case is slightly worse and the new stresses are:

Sp
Sm

These values are also plotted in Figure 2-8, and the equivalent reversed flexure
stress (worst case) is 172,000 psi, Referring to Figure 2-8 again shows the worst case
fatigue life to be 120,000 cycles.

90,300 psi, worst case

187,350 psi, worst case

“The test of 4 Havar Negators produced a mean life 42,000 cycles. One specimen
failed at 34,000 cycles, and the other 3 had multlple, severe edge cracks after 45,000
cycles when the test was stopped.

Because these results were considerably lower than expected, some attention has
been given to possible causes. The Havar sheet is cold rolled to a high degree of cold
working and its hardness is believed to be approximately Rockwell C~58. This is the
state at which the sheet is slit into 1" wide strips. Since cutting at this hardness may
leave edges with damaged surfaces or unfavorable residual stress, five Havar samples
were given a physical examination. The samples examined were 1" long pieces, cut from
new, untested Negator coils. Three of these five 1" samples showed surface imperfections -
in the form of pitting of the edge corners. Considering that each coil is 500 inches long,
the probability seems high that each coil had a substantial number of these surface
imperfections.

It is planned to further evaluate Havar Negators after suitable rework. Four of the
remaining untested coils will be given a light grind on each coil face (i, e,, edges of the 1"
strips) in order to remove damaged material and surfaces. The sharp corners will be
broken., These springs will then be put through another life test. There has been some
discussion about the merits of peening the edge surfaces, however, it is questionable
whether this approach can be evaluated at this stage.
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2.2.4 Mylar Belt Drives. - Two Mylar belts are used, one coupling the capstan
shaft to the capstan motor, and the second coupling the Iw compensation fly-wheel to
the capstan shaft. The geometry of the two belts is shown in Figure 2-10.

The belts have been designed to transmit more than the maximum motor torque
without slippage, and to have a large margin over fatigue failure throughout the life of the
mission. The nominal mission requirement is established on the basis of 4,000 Record-
Playback cycles. One Record-Playback cycle involves passing 2,000 feet of tape four
times around a 1/2 diameter capstan.

12 in. 1

No. of Capstan Revolutions = 2,000 ft. x . 05 m % 4 (4,000)
= 2.45 x 10°

Required No. of Capstan Belt Cycles = 2.45 x 10° x % = 1.68 x 10°

Required No. of IwBelt Cycles = 2,45 x 10° x% = 0.80 x 10°

The initial tension in the belts is adjusted by measuring the slippage torque rather
than by measuring the tension directly. Theoretical belt slippage calculations are based
on the equations:

Tl _ ué
T-z- = e
and,
To - %I__ e :: +1
e -1
where:
T l/T g = Belt tension ratio at slippage
M = Pulley torque at slippage
T0 = Initial belt tension to develop a torque, M
D = Pully diameter
o = Coefficient of friction
0 = Angle of belt wrap
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Figure 2-10 MYLAR BELT GEOMETRY

37



These equations are, of course, exact if one transfers the responsibility for any
inaccuracies to the establishment of a suitable value for y. For a condition of gross belt
slippage, a value of y ~ 0.2 has been measured on numerous occasions. For steady state
operation with minimum open loop deviations in pulley speed, it is highly desirable to
stay within the linear "creep'! region. This has heen defined, in a study of Mylar belts by
the Kinelogic Corporation*, as the point where the slope of the ereep~differential stress
curve increases 100% over that of the linear portion. For stainless steel pulleys, this
definition, applied to the test data, yields an empirical value of y = 0.075.

The belt design is based upon a nominal slippage torque of 5 inch-ounces reflected
at the motor shaft. The stall torque of the capstan motor is 4.25 in. ~0z. on the "start"
winding, and 2, 25 in. -0z, on the "run'' winding {which is the present mode of acceleration).
During acceleration, however, all of this torque is not transmitted through the belt since
some must be used to accelerate the inertia of the motor itself. At steady-state, the
belt torque is considerably less, the worst case calculated value being 0.71 in, -oz.

2.2.4.1 Analysis of Capstan Belt, - The tension ratio at slippage is:

o MO _ (:2)(2:4) = 4 g5

The nominal initial tension is:

_ 5 in, -oz. 1.615 + 1
o 0.43751n, X 1.615 -1

T 48,7 oz,

The exponential value for linear ''creep" is:
e (0.075) (2.4) = 1.197

and, the maximum torque in the linear "creep™ region is:

ué _ _

M = Tp &—-1. (48.7 0z.) (0.4375 in.) L.197 -1 _ ;99 in. -oz. (at the
) ué 1.197 +1

e +1 motor)

For an average running torque of, say 0.5 in.-o0z., the differential belt tension is:

_ . 0.5in.-0oz. - .

*"'"Tape Recorder Belt Study™, prepared for Jet Propulsion Laboratory, Accession No.
N66-23678. )
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48.7 + 1.14) oz. L LI

Maximum direct stress = 3 16 on = 5,190 psi
(0. 002 x 0.300) in. )
{
.7 ~1.,14 . . <
Minimum direct stress = (48.7 - 1.14) oz z X 1; lbz = 4,950 psi
(0. 002 x 0.300) in, ’
t 6 0.002 .
i = —_— = - = 44
Maximum flexure stress E D 0.7 x10 x 0. 4375 3,440 psi
Maximum tensile stress = 5,190 + 3,440 = 8,630
Peak Alternating stress = 8,630 2- 4,950 _ 1,840 psi
Mean Fluctuating stress = 8,630 + 4,950 _ 6,790 psi

2

A Goodman diagram for predicting belt life has been constructed in Figure 2-11,
An "Indefinite Life" line has been drawn between the yield strength value of 18,000 psi
on the horizontal axis and a data point from the original Licht-White study of Mylar belts.
This data point locates the nominal stresses for which their logarithmic plot of stress
versus life becomes virtually asymptotic. The "Indefinite Life' plot has been confirmed
by numerous tests which have gone through many millions of cycles without failure in the
programs for Nimbus, OGO and HDRSS recorders,

The stress values for the capstan belt are plotted as a point on Figure 2-11, and
it is 81% of an equivalent "Indefinite Life" value.

2,2.4.2 Analysis of the Iw Belt. - The tension ratio at slippage is:

M _ o(+2) (2.86)

e =171.682

The nominal initial tension is;

5 ino =02z, 1. 682 + 1

Ty~ 0.4875m, * 1.682 - 1

= 45 oz.

The exponential value for linear "creep' is:
e (0.075) (2.6) = 1.218
and, the maximum torque in the linear '‘creep'' region is:

1.218 - 1

M = (45 OZ.) (0.4375 in..) 1“218—+I

=1, 94 in. -0z. (at the motor)
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The belt stresses due to acceleration torque occur for a relatively small
fraction of the total belt flexure cycles. For the fatigue estimate, only the steady run-
ning stress should be considered. In the case of the Iw belt, the steady-state torque
is that due to the bearing friction of the Iw compensation flywheel. This has been
yorst-cased” for 0°C as 0. 314 in. -oz. at the flywheel, Reflected at the motor shaft,
this is 0.0314 in. -oz.

0.0314 in. ~oz.

AT = = 0.4375 In. + 0.0718 oz.
The stress due to AT is:
9.0718 oz. 7 X 116 lfz' = %3, 6 psi, which may be neglected.
(0.005 x 0. 250} in.
. 45, oz. ilb. .
Direct tengile stress 0.005x0.25) .2 * 160z 2,250 psi
6 0,005 in. ,
i = . —_— = 2]
Maximum flexure stress 0.7 x 10 x 1.790 in. 4 100 psi
2,1 .
Peak alternating stress = - 200 = 1,050 psi
_ 2,250 + 2,100 2,175 psi

Mean fluctuation stress 7
These stress values have alse been plotted as a point on Figure 2-11, and the
point is 33% of an equivalent "Indefinite Life' value.

At the time of the writing, a life test of two capstan belts and three [y belts
has completed 5,586 hours without failure at a capstan speed of 60 rps (7.85 x "record"
speed). Since 1,135 hours of test time represents 16,000 full tape passes, the cur-
rently logged time is very close to 5 times the nominal mission requirement. In terms
of belt flexural stress cycles, the capstan belts have completed 8.23 x 108 ¢yeles and
the Iw belts have completed 3.9 x 108 cycles, both without failure. At irregular intervals
throughout the test, the slippage torque was measured. In all cases, this has increased,
the increase varying from +10% to +230%. This increase is attributable to some
combination of increased residual tension and increased coefficient of friction. Deter-
mination of the exaet combination seems somewhat moot since the extended life has
been demonstrated while the original torque capacity has been maintained or surpassed,

2.2.5 Capstan-Tape Interface. - Experiments were carried out to study the
frictional grip between the urethane covered capstan and the surface of the tape base
which contacts the capstan. In general, this appeared to be a highly variable factor,
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even when restricted to two single specimens of urethane covered capstan and magnetic
tape. The tape tension ratio at incipient slippage increased with higher ambient humidity,
and also increased with the state of cleanliness (becoming highest immediately after being
cleaned with chlorothane). The results were also dependent upon the testing technique.

Two types of tests were run, each using the same new ERTS capstan, with a
urethane hardness of 90 durometer reading, and a sample of 2" wide 3M400 tape ('tvelvet"
backing). Each test was made with a tape wrap angle of 180°, and a constant load of 10
gm on one end of the tape. The two techniques were as follows:

Method 1 - With 10 gms on one end of the tape, the other end was loaded with
progressively increasing weights., The tape was held to the capstan by hand during each
change of weight, and thereafter released, followed by observation of whether or not
slippage occurred. This was repeated for several sections of tape.

Method 2 - With 10 gms on one end of the tape, the weight on the other end was
progressively increased. After each new weight was added, the tape was slipped over
the capstan to a new section of tape, and then released and observed for the presence of
continued slippage. This technique was intended to more closely approximate the tension
distribution around the capstan which exists during the natural "creepage' progression
around the capstan.

The highest tension ratio values ranged between 80 and 100, for Method #1, at high
ambient humidity (humidity was not measured). The lowest tension ratios were obtained
by Method #2 at a lower ambient humidity: these ranged between 18 and 22 for a clean
(but not washed with chlorothane) ERTS capstan, and between 15 and 17 for a "dirty"
older capstan which had been used intermittently and left exposed to ambient contamination
for several years, These last ratios are the values used in the design study for a more
conservative position.

Figure 2-12 is a semi-logarithmic plot of the theoretical function T1/Tg = e 16,
The dotted line represents the function for § = 180°, the value used in bench tests of tape
slippage. The minimum bench test ratios of 15~17 are indicated on the dotfted line. The
solid line represents the function for 8 = 190°, the ERTS capstan wrap angle. The bench
test values have been extrapolated by vertical projection onto the solid line. This
extrapolation predicts a minimum tension ratio of 17.6 at incipient slippage. In Section
2.4, the tape tensions have been calculated for transport acceleration near end-of-tape
operating at 0°C. The calculated tension ratio is 4,42, and this is also indicated on the
solid line. The factor of safety, then, is 4.

2.3 Review of Motor Characteristics

2,3.1 Headwheel Motor. - The headwheel motor is a two-pole, two-phas'e, 312.5
Hz hysteresis synchronous motor. The detailed specifications, mechanical description
and electrical schematic are shown in Figure 2-13 (RCA drawing 8778736).
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During startup, the motor is accelerated while being driven through low-
impedance, high power taps in the windings. At synchronous speed, the drive voltage
is switched to high impedance, low power taps. The original performance data was
obtained from a breadboard motor which was electrically identical to that in the head-
wheel panel, but was assembled in a conventional motor configuration. As such, this
motor had relatively low windage and bearing losses, and this data indicates the basic
capability of the motor design, with minimal mechanical losses.

Figure 2-14 shows the characteristics of the breadboard motor operating at
synchronous speed on the "run' winding, after acceleration on the "start" winding. The
de current, rotor phase angle, output power and efficiency are plotted against the applied
torque load. Figure 2-15 shows the subsynchronous characteristics of the motor during
acceleration on the "'start' winding.

In the headwheel panel, the identical rotor is mounted on a shaft which rotates in
two matched R-6 bearings at the headwheel end of shaft and two matched R-4 bearings at
the opposite end. Both bearing pairs are preloaded to a nominal 2 pounds. The useful
torque of the motor in this assembly will be reduced from that of the breadboard motor

by the small incremental friction of the bearings and the increased windage, predominantly
due to the 2'' diameter headwheel.

Before assembly into the headwheel panel, each motor stator is tested in a fixture
with a standard rotor shaft and bearings. No headwheel is mounted at this time, and the
windage losses are still low. The setup of the fixture is such that the two R-4 bearings

are preloaded, but the two R-6 bearings are not, and the bearing drag is comparable to
that of the breadboard motor.

Tests of 5 stators in this fixture showed very close correlation with the bread-
board torque-current curve. The synchronous pull-out torques were grouped
closely about those of the breadboard. The measured stall torques were grouped reasonably
closely together, and all were slightly higher than that of the breadboard. This last
effect was probably due to the superior motor circuit used at this later date. The test
fixture data is shown below;

Stator Serial No. Pull-Out Torque, In-Oz Stall Torque, In-Oz

S/N 101 (used in

Feas, Model Panel) 1.25 7
S/N 102 1.25 6.9
5/N 103 1.1 86.75
S/N 104 1.225 6.5
S/N 105 1.3 6.75
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The Feasibility Unit headwheel panel was assembled, using stator S/N 101. The
quantitative data taken at this point was not as extensive, as in the case of the breadboard
motor. The dc currehnt and torque were tested at no-load and pull-out, and, also at
several intermediate points, at ambient temperature. This was repeated at no-load and
pull-out for two extreme temperatures of +50°C and 0°C. This data is shown in Figure
2-16, plotted against de current in the X-axis. For reference, the breadboard motor
data is replotted here with its current values reduced by a constant 0. 18 amps which
was peculiar to the early drive circuit. The test fixture values for stator S/N 101 are
shown to fall close to the breadboard motor curve, Any further changes in motor current
may be assumed to indicate a torque increment.

When assembled into the headwheel panel, the increased no-load ambient current
reflects the higher windage and bearing losses. Extrapolation from the breadboard curve
indicates this torque increment to be 0. 26 in. -oz. There is a comparable reduction in
pull~out torque value amounting to 0. 31 in. ~0z. The performance of the assembled motor
at +50°C appeared to be unchanged. Operation at 0°C introduces a further torque load.
In this case, the motor was given a cold soak with no rotation or electrical inputs to the
winding. Immediately after acceleration on the "start" winding, the no-load and pull-out
values were obtained. The no-load current indicates a further bearing load of 0. 35
in. -0z., and the pull-out torque was reduced to 0.7 in. -oz., a further reduction of 0.2
in. -0z. The acceleration characteristics of the headwheel panel at ambient temperature
are shown in Figure 2-17, The acceleration time here is seen to be 2.7 seconds on the
"gtart" winding. Estimates of acceleration time during the temperature tests indicated
that acceleration at 0°C took 0.3 to 0.4 seconds longer than af 50°C,

2.3.2 Capstan Motor. - The capstan motor is a four-pole, two-phase hysteresis
synchronous motor. It is a two-speed motor with independent windings for each speed.
When driven by 62.5 Hz through its low speed winding, the synchronous speed is 32.5
rps. When driven by 250 Hz through its high speed winding, the synchronous speed is
125 rps. It also has a de¢ braking winding for rapid deceleration using de current. The
brake winding is wound in a two-pole configuration so as to eliminate transformer
coupling with the ac-drive windings, and avoid high induced voltage when the motor is
powered. The detailed specifications, mechanical deseription and electrical schematics
are shown in Figure 2-18 (RCA drawing 8778735).

-~

The torque-amps characteristics of the capstan motor at the two synchronous
speeds are shown in Figure 2-19. "Start" and "run' taps have been provided in both
the 62. 5 Hz windings and the 250 Hz windings. At both synchronous speeds, there is
obviously an increase in pull-out torque and operating efficiency if the motor is first
pulled into synchronism on the ''start" winding and then switched to the "run' winding.
At 62.5 Hz, however, the torque is higher for either starting mode.

The accelerating capablility of the motor in each of the four modes was measured

in two ways. The stall torque was measured with a torque watch. Also, a mean ac-
celeration time of a known total shaft inertia. The subsynchronous torque, for a given
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electrical excitation, is a function of the instantaneous speed (or, of slip speed). The
mean acceleration torque is only dependent on this function as shown in the following
simple derivation.

Acceleration,
dw _M
dt I
-1
dt M de
ws
¢ =1 'r dew _ lw s
a o M Mav,
and,
ws
M = =Iws
f M a
0

Upper Trace: DC Current, 2 Amp, /cm,
Lower Trace: Relative Speed, Stall-to- Sync.
Horizontal Scale: 0,5 sec, /cm

Figure 2-17 ACCELERATION CHARACTERISTICS OF ERTS HEADWHEEL PANEL
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where;
w = motor angular velocity
W = motor synchronous angular velocity
1 = moment of inertia
ta = time to reach sync speed
M =M (w), instantaneous torque, as a function of speed
Ma = mean acceleration torque

The subsynchronous parameters measured for the capstan motor are given
below,

Stall Stall Torgue Mean Accel, Torgue
Power m,-oz In, ~Oz
Watts > L] - -
62,5 Hz Oper., "run'" Winding 14,2 2,25 1,96
Ustart" Winding 43,0 4,0 3.06
250 Hz Oper, "run' Winding 19,7 1,7 1,40
"start' Winding 68,0 4,25 4,47

It was decided not to use the "start" taps in the low speed, record/playback
modes, The advantages of this approach are:

a) It eliminates actuation of a relay at every record command,

b) It eliminates the explicit sequencing of sync speed detection and relay
actuation,

¢) Elimination of the "start'-"run" transient plus (b), above, means that
a steady-~state tape speed is reached more quickly,

The torque margins are still quite adequate for "run" only operation in record
mode, The motor pull-out torque is 1,7 inch-ounce, Elsewhere in this report, the
worst case torque has been calculated for end-of-tape operation at 0°C, Reflected
at the motor shaft, this value is 0,996 in, -0z, The acceleration time under this worst

case condition, using the mean acceleration torque of 1,96 in, -0z, will be 0,715
second,

b6



The dc brake operation is equivalent to accelerating a hysteresis motor in
reverse, The stator field is stationary and the rotor slip speed equals the absolute
speed, Figure 2-20 shows the torque of the brake as a function of voltage although it
will only be operated at the nominal 24,5 Vdc line voltage, Since the brake winding is
a two-pole configuration, in order to avoid transformer coupling with the ac windings,
it should be expected to have 1/2 the nominal torque of a four-pole configuration, This
is evident when the maximum brake torque is compared with the maximum "start"
torques at stall,

2,3.3 Iw Motor, - The I motor is a four-pole, two-phase hysteresis syn-
~ chronous motor operating at a synchronous speed of 78,125 rps and powered by
156,25 Hz, The detailed specifications, mechanical description and electrical
schematic are shown in Figure 2-21 (RCA drawing 877734),

‘ The torque-current characteristics at synchronous speed are shown in Figure
2-22 for "start" pull-in and "run'' pull-in, The only function of this motor, however,
is to accelerate an inertia to synchronous speed so as to compensate the angular
momentum of the headwheel, At synchronous speed, there is no external torque
capacity requirement, The compensation inertia consists of two flywheels, one at
each end of the motor shaft, and each weighing approximately 1/3 pound, Because of
the requirement o survive the vibration environment, unusually heavy duty bearings
are used in this motor, At each end of the motor, there is a matched pair of R4A
bearings preloaded to 7 pounds, The estimated torque of these four bearings for the
worst case fits and 0°C is 0,38 in, -0z,, and this constitutes the only real torque load,
other than the high accelerating torque required during startup, The "start' winding
data obtained for this motor are:

dc Current at Stall 3,6 amp

de Current at Synch Speed 3,2 amp
{on "start" winding)

Stall Torque 5,5 in, -0z, (approx,)

2.4 Torque Margins

This section deals with the mechanical losses in the tape transport mechanism
due to bearing drag, transmission losses and friction in the tape path, The losses in
these elements under worst case conditions are then used to establish the torque mar~
gins of the three motors in the transport, For convenience, the key trangport elements
are shown schematically in Figure 2-23, Throughout the computations, minor factors
such as belt losses and tape guide inertias have been ignored, Section 2,4,1 establishes
the bearing mechanical torque loads at thermal extremes, while section 2,4,2

57



ANdHIOL FAVI L 3d HOLOW NVISdVO SLUYA 0%~

(Paszy pusrpiy’ #2) %k“ TOA
&

g 9an3iy

we

k- A

™
2L

e

12

St

58



—pr ARVEI 1000T0S
09/6¢S

NOILVSNIdINOD
“WALNIWONW HOIOW 1Z~Z oandLy

JSEYL NOWWO2 = 0,
S LIHLS = S,
oL NN =,d,

FONKSC 22
MOT7IA %,
NIFXD "2

wRe ENSFZOS

R/ BHE 25/

[

2020
A S ENIN 775

| ST fzod
MU SLAIE Y 1HL op-b /

(FH7A WITRS,

ZOTS FTN 9.0/ X000/ % TIFHMATS It &7/LYTH,
G VED = VITMMA 7 Y Z AHWB/TM GNT LAS MHOVT
LY TNO TITUNNOW S IZTAMA7Y OML FNEW OL JoLoW

TLON FINTFNTSTY

3

CTNT ALOE
I WIS SIE Y MO STIMSS BT+
7S ONOP-o4 SLITN HOIHTTH

gHL SE-2

#/0 OFLY — —w
0/0°F

\- anvad In0aTOH

‘SSINNINL TTEM MW G920

O/ Tl TIFUS MLS FF U SINT HL0G
SN/SHH } T8 ITLOC NITHLTT SMHSNE 0+ TLVW'S

2-VIL SA2XTSSEL¥S NFAXEd

e TITT6V 77 TTHIUW T& 0L SONT ALoF LY YNXPTE b

‘L2000 LNONNY LSEHS XEW'E

ECE FodL TFITUS MLIS TG oL 7L¢W LAEHS 2
AUL=SLOL AQTT0WNTY T el TL6W DNISAOK 1

or0°F NCF

Q —t——— £ 30—t  |f— 257/’

- o F
otk AL
pal——— f£°

7E" jma—

L[ S

STLON
GLE — ot .omN..L

T1 7 D7 pmerl LIN24T
I ! NOTSFL) T Fothd

i

! — RLES/-M TN DMy 92
1l \. M

™~

a,_z ',

AL pre
——— 205

[~ -~F -

;

i
=5

AL WS N.I|_ haag—

dAL

sLa°z2 005" [r—

“|ow¥F

72 i0e° [a] T |




ToReuc, In-O2)

; : T ! T I3eE ey T !
T n N M 1 1 I
i ¥ : T i T
| L 1 ¥ 1
p T T 1 t
- T H 1 1 I
T s n
L_. ._ 5 ? ! - 1 i
L i mms T yun BB Vi s Enat I -
1 } T R ) T
t i T i + T
L] . h 1 k i b1 +
T ’ - 1 i1
T T Lol |
T
1 I |
T t T T
T I 1 T L
L W)
L] T L u b W)
1
g T
4 M U
N H t
- h
T 3 1E
L3 i Ny I Em
T T T H i
} ’ T
4 ; =y FET I 2nqpaaas i mar
; : t i ] o ]
i uy = N F} | T LT
] = + - e T
- I o 1
1
+ i
e ;
Ho R 8 Wiy AN 3 ¥
] S i T b
uuumu ¥ Li: + T e +
e T
iwm 1 it y ay | I
fEaifEn L 8 _. HE S SHE :
u F + ¥ . &N
n.m i ] I = H I .mmu..
inhum e, | . 1
E 1 1
T 1 T
: 3 t L T
Fir Ty ] “ !
1 1 i
m T T
[ I 1 e W
T T
T T T { L '
t — L :
h : T T b
m O 1 . ! 1
i i T I
" T "
1 T u
1 p T
i .
== P i
= H 4 E
|t L s
{ ]
T s -
I T = .
) - -
L i K
t rEm
] | i it
t
T
T
P T 1
1 el
+ ET I - 1
T
I 1 mE
I 1 i
by iy s S Ami ksl BN 4 1]
—c T L] X 13 T "
i al L
| . —p i T
1 v e ARy e
Fits
I 18
" | 1 T
T i ! : # 1
1 ry Em Ak T 1 Fy t 1 f
: HEE j ! T PR T T, ! _,

I.V@Q\% =¥ 4 .ﬂa\\\‘ T

SH

Figure 2-22 ERTS Iw MOTOR

61



' NEGATOR
STORAGE
SPOOL

NEGATOR
OUTPUT
DRUM

TAKE -UP

REEL ERENTIAL REEL

O =Y I REEL Tu WHEEL

TAPE .GUID .
MOTOR CAPSTAN

Figure 2-23 TRANSPORT SCHEMATIC

establishes the drag due to lubricants, Parameters used in the computation of
individual mechanical torque loads are tabulated in Table 2-1 while Table 2-2 contains
the parameters for the lubricant drag computations and summarizes the total drag -
torque for each transport sub-assembly, The relationship of drag torque to available
torque (ise,, torque margin) is discussed in Section 2,4, 3 for each of the three trans-
port motors, : .

_ 2,4,1 Bearing Mechanical Torque Loads, - The majority of the rotating sub-
assemblies in the Transport Unit employ a bearing housing construction like that -
shown in Figure 2-24, This arrangement provides a primary structural element of
aluminum for minimum equipment weight, with inserts or jackets of stainless steel
(416) at the bearing seats to minimize thermal stressing of the bearing, Since the coeffi-
cient of thermal expansion is larger for aluminum than steel, the housing attempts to
shrink around the jacket when the temperature is lowered, This mechanism stresses
the steel jacket and the bearing outer race and causes a radial shrinkage of the outer
race which results in additional loading on the balls, After establishing the various

" part stiffnesses and clearances, the radial shrinkage of the inner diameter of the
outer race of the bearing was computed, This radial shrinkage was converied to an
axial deflection, The axial deflection, preload deflection, and preload tolerance were
added to give an effective axial thrust which was then converted to a mechanical torque,
Values for the mechanical torques of the various bearings are listed in Table 2-1,
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ALUMINUM HOUSING
STEEL JACKET
OUTER RACE OF BEARING

Figure 2-24 TYPICAL BEARING/HOUSING CONSTRUCTION
For uniform external radial pressure

2
2A
Al ='P“lﬁ(_z“—3—§)
B ~-A

2 2
AB:"P%(%% "’)
B ~-A

For uniform internal radial pressure

- 22
ap-pB [ 2B ]
. C -8B

. 2
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C -B
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2.4.1.1 Basis of Mechanical Torque Computations

2,4,1,1,1 Physical Constants

Poisson's Ratio (v) -
AL=,33 8,8, =.27

Young's Modulus (E)
6
AL =10.6 x10° psi, 8.8, =29 X10 psi

Coefficient of Thermal Expansion (Q)

AL=12,9 x107% in, /in,-°F 8.8, =5.6 x 1078 in, /in,-°F

Temperature Change (A T)
25°C - (-6°C) =30°C =54°F

2,4,1,1,2 Equations Used to Find Radial Shrinkage

1T

~1
_ _ 2 .2 2 2
K = P/A Bp = [ESS/B_ _(A +B) /(B -A)-vss]

N _ 2 2 2 .2
1«; =P/A B —‘ [ESS/B -(C +B}/(C -B)+vss]

ABy =D, /@ + K LI/KZLZ)

P, =(K)(AB)
AL =P (2 AB2) / [ESS @2 - Az)]
Ac, = 51 @ cB?y/ [ESS - 132)]

AC=C @,y _Q)AT+AC,
2

2
= - C +A
K, = P/ACBR" Ess/ [C (‘?"’"2— -vss)]

Cc -A

-1



_ 2 9
p? +C
K, =P/AC,p=E,\/ [C (_2"'"2‘ "'”AL)]

ACqp = AC/( + K,?L7/K3L3)

)

P, =K, (8 Cgq

2

_ 2 2 2
AAg . =P, 2 AC )/ES|S (C” - A%

Radial Shrinkage = AAB + AAB R

where
P is interface bressure, psi

K, is the relative radial stiffness of bearing, lbs/m3

K2 is the relative radial stiffness of steel ring, lbs/in3

Ll’ L2 are lengths shown in Figure 2-24
A, B, C are the radii shown in Figure 2-24

v, E,Q,AT are the constant defined in para 2,4,1,1,1
ABB and

BAgy

are the radial change of the bearing OD and ID respectively

ABR is the radial change of the steel ring I, D,

AABR is the radial and subscripts with (7) denote the parameters effectively
derived by combination of the bearing (1) and steel sleeve (2)

In the case of an initial clearance (-Dg) between the bearing and ring, the
following procedure was used,

2 2
- £ -B
Py '(D'r)Ess( 2)

65



SCR= P3/K2

K, L
2 2
S, =8 (1+ )
c  "CR K, L,

AT, = sc/c Q@

AL " st) This is the temperature change needed to close

the clearance,

AT2 =AT - ATl

6§ =C@, -Q )T

s’ 2
Sopr = 6/ + K7L7/K3L3)
P+ = %R ¥y
S = Radial Shrinkage = P, (2 ACz)/(E (c2 - AZ) )
ABR 4 8s

Axial deflection = (radial deflection) Cot ¢ where ¢ = contact angle of bearing,

2.4.1.1.3 RS Rumning Torque. - Data on the Average Running Torque of a
SR8K5 type bearing was not included in the Barden catalog. A SR6K5 bearing was
the closest bearing to a SR8K5 whose data was listed. Therefore, the SR6K5 data
was converted to the SR8KbH type.

SR8K5: 10, 5/32' dia, balls

-+
& = Lot Tt Lo72+.736 _ e
8 4 4

SR6K5: ' 7, 5/32" dia, balls -

L +L
= __0 1 _.692+,463 _ _ ..
R, " y .289

For SR8K5 Case:

Normal force on balls = Fn =T/Sine¢
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Fn = 88/8in 33,9° = 157,6 Ib, Fn/ball =15,76 b, /ball
F =118/8in34,7° =207 b, F /ball=20,7 b, /ball

For SR6K5 Case:

T Fn Fn/Ban Torqu? L;ggintearing
D) ) _ L) __(lb'/b all (mg'-mm)
2 12,18 9,47 1,35 12,5 K
6 12,82 27.0 3,86 38,0 K
10 13,27 43,5 6,22 66,0 K
20 14,10 82,1 11,73 145,0 K
30 14,73 117,17 16,83 210,0 K
from Figure 2-25, 15,76 b, /ball —> 197 K mg-mm
for SR8K5 Running Torque = 197 % %)

= 403 K mg-mm @ top bearing

20,7 b, /ball=> 298 Kmg-mm .. 608 K mg-mm @ bottom bearing

2.4.2 Bearing Lubricant Torque, - The viscosity of G-6 lubricant was computed
based on an experiment with a headwheel motor, This value was then used to compute
" the drag of all the other bearings, The high speed mode was used in evaluating the
velocity of each bearing,

In this experiment, there was negligible change in frictional torque between
50°C and ambient; it is therefore assumed that the lubricant drag was small, When
the temperature was 0°C, there was a gignificant increase in friction, Part of this
wag possibly due to the aluminum contracting on the bearing as well as the increase
in viscosity of the grease, As a worst case assumption, the total increase in drag (0, 35
in, -0z, at 0°C) will be assumed to be due to the viscous effects alone,

M =16 (1.42 X107 £ 012’ gm3

(Rolling Bearing Analysis, Harris, Pg, 447)

/3 l)2/3 3

.35 =16 (1.42 x10'5) 2) (13,750)2 2 (,438" + .6323)
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] E, L - = L =l 2o ED) T Tl ET

Ffean (L6) ,
Figure 2-25 TORQUE CURVE FOR R-6 BEARIN

v2/3 =1,623
v =2,07c¢cs
_ -4 2/3 3
Tlub: 7.38 X10 " n dm
where:

M = Torque, in,-oz,

fo = Bearing geometry factor

n =rpm

v = Kinematic Viscosity, centistokes

dm = Bearing pitch dia,, inches
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2,4,3 Summary of Torque Margins

2,4,3,1 Headwheel Motor, - From Table 2-2, the worst case drag torque on
the headwheel motor is 0,431 oz, ~in, As discussed in paragraph 2,3.1, pull-out
torque of the headwheel motor is approximately 1,25 oz, -in, Hence, even under worst
case conditions sufficient margin will be present to accommeodate the load introduced
by the tape during shoe engagement, This latter load has been measured under various
circumstances and is less than 0,1 oz, -in,

2.4,3,2 Iw Motor, - As shown in Table 2-2, the total drag torque on the Iw
motor is 0,377 oz, -in. As indicated in Figure 2-22 of paragraph 2, 3.3, the pull-out
torque of this motor is in excess of 1 in, ~0z,, and no other torqgue loads other than
acceleration are applied to the motor, Hence, adequate torque margin exists,

2.4,3,3 Capstan Motor, - The loads imposed on the capstan motor are con-
giderably more complicated than those imposed on the other two motors in the transport,
The following sections describe the two parameters which are critical to the capstan
drive, These include transport acceleration time and tension ratio across the capstan,
and are considered for "worst case' tape position during both normal and high speed
operations, As a result of these calculations, it can be geen that sufficient margin is
available for transport acceleration even under worst case conditions,

2.4,3,3.1 Tension Ratios and Transport Acceleration Time

2,4,3,3,1,1 Normal Speed at EOT

Torque per Négator =2,4 Ib, ~in, = 38,4 oz, -in,
Drum Torque = 2 (Negator torque) + bearing torque
Md = 2(38,4) + (,540 + ,331)

Md = 77,67 oz, ~in,

Takeup Reel Torque (Mtur) =1/2Md (1 +v, +v_ =V gt bearing torque

1 2
' 'where:l -
vy T the loss in one bevel gear mesh
vy, = the loss in the spur gear mesh
ve = the loss in the sprocket drive
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where:

_ 71,67

Mtur )

(1 +,0466 + ,0134 + ,0100) + ,03

Mtur = 40,75 oz, -in,

Mtur - (inertial torque)
Radius

0,75 - 16 (002 (2 ) (=2297)

4,00

Takeup Reel Force (Fiur) =

Ftur =

Ftur =10,19 -5,65 X 102 ¢ em

o cm = the acceleration of the capstan motor
Force on the Takeup Side of the Capstan (Ftus) = Ftur - (tape guide force)

-3 . 069
Ftus =10,19 - 5,65 X10 "~ @cm - (-:-gi'-zg)

Ftus = 9,97 - 5,65 X120~ gem

Supply Reel Torque (Msr)=1/2 Md (1 + Zvl tr, tvg) t bearing torque

2

77,66
2

Msr = (1 +2 (,0466) + ,0134 + ,0100) + ,03

Msr = 43,40 oz,~-in,

Msr + (inertial torque)
radius

18,40 +160079) (52} (+257) gom

2,66

Supply Reel Force (Fsr) =

Fsr =

Fsr =16,32 +1,093 X10™° aom

Force on the supply side of the capstan (Fss) = Fsr + 2 (tension loss across a

single head) (tape tension) + (shoe force) + 4 (tape guide force),
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, - . 069
¥ss =16,32 +1,093 X10 3 acm +2 (,07) Fgs+1.76 + 4 ( 3125)
: | s
.86 Fes =18,95+1,093 X10  oem:

Fss = 22,06 + 1,280 X 1073 acm

Capstan torgue = (bearing torque) + (Fss - Ftus) (capstan radius) +

capstan radius )

{Iw wheel torque) (Iw wheel radius

Mcap= .227 + (22,06 + 1,280 X 10”2 orem - 9,97 + 5,65 X10™° arem)

»895

-2 1
(,25) + [.314+15(1.525 X110 ) 10 acm] 2,187

Meap = 3,38 + 11,71 X10™° gem
Capstan Motor Torque (Mcm) = (bearing torgue)

capsfan pulley radius
capstan motor pulley radfus

+ Mecap

+ (capstan motor inertial torque)

« 2187
.895

Mcm = ,169 + (3,38 + 11,71 x107° acm) ( ) +8 %10 gem

Mem = 996 + 3,86 X10™° gem
Mem = 2,00 = ,996 + 3,66 X 10> gem

acm "—'—ﬁ%—ﬁ = 274 rad./sec2.

3,66 X10

wem =2 7f=2x (31.25) =196 rad, /sec,

w
Acceleration time =? =— = 715 sec,
Tension Ratio across the Capstan

Fss/Ftus = '-[22.06 + 1;280(.274)] / [9.97 - 5.65(.274)] = 2,66
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2.4.3.3,1.2 High Speed, - In this mode, the "Takeup Reel" is on the supply

gide of the capstan, and the "Supply Reel" is on the takeup side of the capstan,

Supply Side

Mour=1/2 Md (1 +v, +v, +v,) + Mbearing

1 2

77,67
2

(1 +,0466 + ,0134 + ,0100) + ,03

= 41,59 oz, ~in,

_ Mtur + (inertial torque)
radius

41,59 + 16 (,0079) 2'2‘?6) (f;g) acm

2,66

Ftur

=15.63 +1,093 X10 > gem

Fss = Fir + (tape guide force)

i -3 . 069
Fss =15,63 +1,0923 X 10 acm + (———-'. 3195 )

Fss = 15,85 + 1,003 X10™° qem

Takeup Side
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Msr=1/2Md Q +2 v, TV, - v3) - Mbearing

2

77,67

Msr = (1 +2 (,0466) + ,0134 - ,0100) - ,03

Msr =42,56 oz, -in,

_ Msr - (inertial torque)
radius

42,56 - 16 (.0924)( .25 ) ('2187) dem
Fer = 1,00 \,895

4,00

Fsr




Fsr =10,64 -5.65_ l”(lO"3 acm

Ftus = Fsr - 2 (head loss ratio)(Ftus)- (shoe loss) - 4 (tape guide loss)

Ftus = 16,64 ~ 5.65 X10™° crom = 2 (,07)Feus - 1,75 - 4 (_3‘1";95)

1.14 Ftus =8,01 - 5,65 X10 > gem

Ftus =7.03 ~4,96 X 10~ gem

Mcap = Mbearing + (Fss ~ Ftus) (capstan radius) + (Iw wheel torque)

.227 + (15,85 - 7,03 +4,96 X 10" gem +1,093 X 10> aom) (.25)

=2 1 + 895
+ [,314 +16 (1,525 X 10 )(10) “cm,] ( 2.187 )

Meap = 2.56 +11.49 X10™°> @em

Mcap

Mem = Mbearing + (capstan motor inertial torque)

capstan pulley radius )

+ Meap ( capstan motor pulley radius

Mem = .169 +8 x10'4 aem + (2,56 + 11,49 x107 o em) ('2;98;)

Mem = ,795 + 3,61 X 10" gem

Mcem =4,00 = ,795 + 3,61 X10~° gem

3,205

agcm = =3
3,61 X10

= 888 rad, /sec.2

Fss/Ftus = [15,85 +(1,093) (.888)] / [7.03 - 4,96 (.888)] = 6,40
. _

(196) = 883 fsec.2

. . _ @
Acceleration time = o 583

Experimental results show that static slip will ocecur with a tension ratio of
about 17,
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2.5 Status of Life Tests and Present Conclusions

2.5.1 Negator Life Tests, - Fatigue tests of the Negator springs were con-
' ducted, using a test fixture which cycled 4 negators simultaneously through 61 turns
of each power drum, The cycling rate was 530 full wind-unwind cycles per 24 hour
day, Tests were run on 4 springs made of high yield 301 stainless steel, and, sub-
sequently, on 4 springs made of Havar alloy.

The test results for the stainless steel Negators were as follows:

Specimen No, of Equiv. No.
No, Test Cycles R/PB Cycles Comments
1 46,488 11,622 Complete fracture
9 52,719 13,180 Partial failure,
test ferminated

3 21,770 5,442 Complete fracture

4 46,488 11,622 Partial fracture
49, 884 12,471 Complete fracture

The test results for the Havar Negators were as follows:

Specimen No. of Equiv. No.
No. Test Cycles R/PB Cycles Comments

H1 30,725 7,681 3/16" crack obser-
ved on left edge.

34,765 8,691 First crack 1/2"
long, 14 cracks on
right edge, Test
terminated.

H2 41,275 10, 319 Numerous small
cracks along one
edge.

45, 772 11,443 Increase in number
and size of cracks
on one edge. Test
terminated,

H3 41,275 10, 319 Numerous small
cracks along one
edge.
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Specimen No. of Equiv. No,
No. Test Cycles R/PB Cycles Comments

H3 (cont) 45,772 11,443 Increase in number
and size of eracks
on one edge, Test
terminated,

Both Negator types met the requirements for the present mission by a sub-
stantial margin, Because of interest in other applications, where a significant im-
provement in life may be required, some brief discussion of results may be in order.

The following general observations are made, The stainless steel Negators
surpassed the design life estimate by an expected margin, however, the deviation of
specimen no. 3 from the group mean is somewhat interesting, The Havar Negators,
while suitable for this program, were far from the design life estimate. Here, also,
one specimen was well below the group mean value, All fatigue cracks started at the
edges, and, in the case of Havar, it is striking that virtually all the many fine cracks
formed along only one of two possible edges of each leaf.

The theory is advanced that the slitting operation, which produces 1" wide
strips from the rolled sheet, may be responsible for these effects, by means of two
different mechanisms, Firstly, the slitting of hard cold rolled sheet may leave a
number of fine surface irregularities along the cut edges: this was confirmed in
physical examination of new Havar specimens, These irregularities will act as stress
raisers. Ultra high-strength alloys tend to have high notch sensitivity; in the case of
Havar, this is believed to be a prominent characteristic,

The second postulated mechanism leading to an earlier failure involves
residual stresses left by the slitting, It is assumed that shearing operation will leave
some residual stresses which are predominantly tension near one surface and pre-
dominately compression near the opposite surface. It is also helieved that, for either
given surface of the original uncut sheet stock, the newly cut surfaces on opposite
sides of the cutting tool will have opposite polarity of residual edge stress. If the
slitting of 1" strips is considered analogous to slicing a loaf of bread, then, each
strip will have a residual tension at one edge corner and residual compression at the
opposite edge corner (both corners on the same surface).

It is accepted fairly widely that failures start in areas of tensile stress, Dur-
ing Negator functioning only one surface is cycled through large tension amplitudes,
Therefore, only one corner out of four will reach the highest absolute tension stress
by adding its residual tension to the tension caused by flexure of the leaf,
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1t is suggested that the foregoing discussion explains the marked preference
for one edge of the formation of fatigue cracks in Havar Negators.

Consideration is being given to post-glitting edge treatment, such as round-
ing the corners and pessibly inducing residual compression at the corners. Any
evaluation of this would be oriented towards future extended life applications,

2.5.2 Mylar Belt Life Test. - An accelerated life test has been conducted
on 2 capstan belts and 3 Iy belts, simultaneously. The capstan belts were driven
by the periphery of a long drum representing the capstan pulley which ran at 3, 600
rpm. This is 7.85 x the capstan speed in the Record mode, Each capstan belt
passed around a separate idler, representing the motor pulley and having an adjust-
able position to permit independent tensioning of each capstan belt, The Lybelts were
also driven by the drum, and, in similar fashion, each belt passed around a separate
idler, representing the I pulley, which permitted independent belt tensioning,

The tension of each belt was adjusted so that slippage occurred at a minimum
torque corresponding to 5 in. -0z. at the motor shaft. At the speed of the test setup,
the equivalent of 4,000 R-W-P-W recorder cycles would be completed in 1,135 hours
of test time. At the time of this report, 5 times this requirement has been completed
without belt failure, loss of torque capacity or re-tensioning of the belts, As a matter
of interest, the capstan belts have completed 8, 23 x 108 flexural cycles, and the Iy
belts have completed 3.9 x 108 flexural cycles,

2,5,3 Transmission Life Test, - An accelerated life test was run on a trans-
misgsion system under simulated load. Because of the complexity of duplicating the
continuously changing ratio of the two reel speeds, the test was run with identical
speed at the two test "'reels" (as in the case at center-of-tape), A schematic of this
test set-up is shown in Figure 2-26, The two test '"reels" are coupled together by a
PIC belt, and, so, are constrained to operate at the same speed, The '""Negator shaft",
therefore, has no motion, and it provides the convenience of torquing by a weight
hanging from a cord wrapped around a drum,

The first test was run with a ''reel" speed of 900 ypm, This is 27. 3 x the reel
speed at center-of-tape in the Record/Playback Mode, There are 4,540 reel revolu-
tions in one Record-Rewind-Playback-Rewind cycle, and, at 900 rpm, these are com-

pleted in 5, 044 minutes. The test time to complete 4,000 R/W/P/W cycles is 336
hours,

The first test completed 412 test hours, at which time there was a failure of
the belt to the "takeup reel”. This represents 123% of the operational cycles required
for the mission. It is, nevertheless, less than had been expected based on component
derating. It is believed the test components were subjected to some dynamic load,
superimposed upon the steady "Negator load". This is based on observing small
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Figure 2-26 LIFE TEST SETUP FOR REEL TRANSMISSION

oscillations in the handing weight which provided the torque loading, X is possible that
this dynamic load was due to the nature of the test setup. The source of this unknown
load is currently under study. It is planned to resume life testing when this question
has been resolved,

2.5,4 Life Test of Start-Run Relays. - A life test has been underway to
evaluate the Leach, Type J, relay in its function as a start-run relay for the headwheel
motor. Because of the unique character of the current and veltage being switched, no
attempt was made to simulate this in a passive elecirical circuit. An actual motor with
a flywheel has been sequenced through a start-run-stop cycle once every minute, The
motor used is an AT-70 motor operating at 250 rps, driven by 500 Hz, 20 volts peak-
to-peak, This motor was used because it permitted the earliest programming of the
test, and because it has a current profile and rms value very similar to that of the
ERTS headwheel motor, except for the higher electrical frequency. The motor is
powered by ERTS motor drive circuitry, which includes 2 Leach relays as part of its
normal complement,
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The test sequence was as follows;

Time, Seconds Action
0 : Relays switch to "Start™, bridge circuit not
energized,
1 Bridge circuit energized, motor accelerated,
3-4 Motor reaches synch speed.
7 Relay switched to "Run''.
20 Bridge circuit de-energized, motor coasts
to stop.

<60 Motor at rest,

The relays were tested initially and at regular intervals during the test by
measuring critical parameters in accordance with MIL-R-5757D. These parameters
were:

a) Contact resistance with 10 amp/6 volts contact current,
b) Pickup and dropout coil current,

¢) Contact bounce with 28 Vdc across the coils,

d) Operate and release times with 28 Vdc across the coils,

The pickup and dropout currents were measured rather than pickup and drop-
out voltage, because it was felt these would provide a sensitive indication of relay de-
gradation which would be less affected by temperature variations, These measurements
have heen made at intervals of approximately 4,000 actuate cycles. At the time of this
report, 2,100 hours of testing have been completed with no evidence of any relay de-
gradation, This represents 126,000 start-run cycles.

2.5,5 Head/Tape Life Tests, - The initial direction for the ERTS head/tape
effort was based largely on experience derived from RCA's DSU Program, which re-
quires similar, transverse-scan recording equipment operating at a head-to-tape
speed of 2500 inches/second. This experience had provided an extensive background
in the area of magnetic tape where considerable funds have been expended to obtain a
tape binder system which would not produce excessive debris products even through a
broad operating temperature range (35°F - 160° F), The tape which was proven to be
most successful on the DSU Program was a product developed specifically for the ap-
plication by the 3M Company. In the configuration required for the DSU Program
(2" wide, 0,0075'" Mylar base; coated both sides with magnetic oxide coating 0, 0002"
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thick), this tape is assigned 3M Part No. MT-24070 and has been verified in many
tests (about 12) for the specified 150 hours of head/tape contact. In the one test con-
ducted to failure with this tape, the equipment performed for abouf 650 hours with
failure resulting due to erosion of the gap material in the video heads,

At the beginning of the ERTS Program, efforts were undertaken with 3M to ob-
tain a single coated version of this product, and, since many problems had been en-
countered with the 0. 00075'" Mylar hase used in MT-24070, a standard ¢, 00092'" base
was selected for the ERTS tape. Finally, based on discussions with 3M technical
personnel, a new back coating* was also specified for the ERTS tape. Ten reels of
this tape were initially ordered to RCA Specification ERTS-564-2 (Appendix 2A}, and
the product was eventually assigned 3M Product No. MTA-20237.

When the tape was received, it is subjected to a 100% visual inspection and all
ten reels were rated as being flight quality (vs a 20% yield for MT-24070), High
temperature (150° F) tests were next run in a DSU recorder with a sample of the tape
to verify that the binder system was adequate. Relative abrasivity and output measure-
ments were also made in a standard broadcast recorder. The output of the ERTS tape
measured about 2, 5 dB lower than the DSU tape, and the abrasivity during 100 hours
averaged about one micro-inch/hour, This wear rate is nearly equivalent to DSU levels
and congiderably less than the wear rate experienced with most standard video tapes,

In use, the MTA-20237 tape continued to exhibit properties superior to the
MT~24070, particularly in transport handling and tape stack. Hence, tests thus far
on the ERTS Program have used this tape exclusively, and, so far (over 6000 passes),
no limitation in life has been found which could be attributed to the tape,

With this background in the tape area, the next major area of discussion
centers on efforts undertaken on the heads and the scanning geometry. It is significant
to the discussion at this point to mention that the efforts undertaken in these areas
were augmented by a program for an improved DSU recorder based on the ERTS design,
Hence, additional MTA-20237 tape was procured (100% yield, 10 rolls) for DSU, and
an additional breadboard (1580 ips head-to-tape speed) was made available for head/
tape tests, In the discussions which follow, results under both programs will he
reported.

Efforts in the head and scanning geometry so far have verified improvements in
three areas and have yielded unsuccessful results in one area, The initial improve-
ment which was verified derived from a change in the head gap material from beryllium
copper to alumina oxide, The latter material more closely approximates the hardness
of the head material. and hence is less prone to the erosion which causes failure at

*Advantages of this back coating are described in 3M product sheets M-ILI37 (79,5) -
JO and M~VIL-152(391)MP,
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650 hours in the DSU test mentioned above. With the new material, no significant
erosion of the gap material has been evident, even after the 1700 hour test which is

discussed below,

Initial tests employing the new gap material, the new tape and the standard
DSU scanning geometry were run at about the same time in the DSU and the ERTS
breadboards. The heads in the ERTS unit were constructed of ferrite while those in
the DSU unit were of standard alfecon, Both units exhibited pick-up on the rim of the
scanning wheel at about 150 hours, and the ERTS unit failed completely (loss of at
least one head output) at about 200 hours, The exact cause of the ERTS failure appeared
to be due to erosion or cracking of the ferrite in the area of the gap. This failure
mode is typical of earlier ferrite panels and the failure, when coupled with the extended
life attained subsequently with alfecon, resulted in a de-emphasis of the efforts on
ferrite, The panel in the DSU unit did not fail during 350 hours of testing, but a sig-
nificant increase in drop-out rate resulted from the rim pick-up.

The next set of tests centered on minimizing the build-up of contaminants
(glazing) on the rim of the headwheel. Three specific parameters were evaluated;
the shoe span width (See Figure 2-27), the wheel diameter and the profile of the land
on the wheel rim, Two of these parameters, the shoe span width and the wheel land
profile, were modified, respectively, to reduce the overall head-to-tape pressure
and to minimize the localize tape pressure on the edges of the wheel land. This con-
figuration was tested initially in the DSU unit (terminated at 1700 hours for other
tests) and subsequently in the ERTS breadboard unit (still in operation with 1600 hours
as of 5/14/70)., Both tests showed a significant reduction in the tendency toward glaze
built-up, but in both units moderate glazing was observed at about 1000 hours. In
neither test, however, did the glazing cause any significant change in drop-out count
or in the level of the high frequency video response, The wear of the standard alfecon
heads during the 1700 hour test amounted to only 0, 0004" (vs 0,002" of wear to end of
head life). Wear in the ERTS unit will not be measured until the test is terminated.

The final test which was conducted as a possibility for the reduction of wheel
glazing centered on a short evaluation of a headwheel panel with an undersized wheel,
In the standard configuration, the wheel size is arranged so that the wheel land will
just brush the tape (size-to-size, £0,0001'"), while the heads deflect the tape into the
shoe span by nearly 0. 003 inches at beginning of life. This arrangement derives from
broadcast experience which has shown that the close proximity of wheel-to-tape tends
to damp the shock waves created in the tape by the scanning of the heads. This damp-
ing action tends to minimize geometric time base errors, especially during the inter-
change of tapes or headwheel panels, The test conducted for the ERTS program with
the undersized wheel (no contact between wheel and tape) showed no measurable change
in geometric time base errors, This arrangement is thus a possibility for further
evaluation, but additional refinements of the current geometry will be evaluated before
any extended testing with an undersized wheel is attempted,
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Efforts are now underway to produce a headwheel in which the land profile is
generated by scanning abrasive lapping tape in an otherwise normal recorder arrange-
ment, This should produce a wheel land profile which performs with extremely uni-
form land to tape contact, ' '

Additional efforts are also underway to evaluate the use of a modified alfecon
material which has recently been developed by the RCA Laboratories. This material,
which has been named Alfecon II, has been subjected to extensive testing by the RCA
broadcast recording activity and has demonstrated a wear rate of about 1/3 that of the
standard alfecon material, itial tests with the new material on the ERTS program
will center on electrical tests in the Feasibility Model, and, if satisfactory, a new life
test will be undertaken in the Breadboard Unit with the new material and the new wheel
1and profile. The shoe span width (0. 090 inches) and tape (MTA-20237) which have
been proven in previous tests will be maintained during the next life test, Additional
procurement and testing of tape, however, will also be undertaken to ensure that
repeatable results can be attained.
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2.6 Structural Considerations

2.6,1 Tape Transport

2.6.1.1 Tape Transport Deck Stress. ~ With its many cut~outs, holes, ribs
and loading irregularities, the tape deck is impractical to analize exactly. Because
of this, some assumptions were made to get a reasonable estimate of what maximum
stress might occur in the plate. These assumptions are listed at the beginning of each
topic.

2.6.1,1.1 Tape Deck as a Plate

A. Assume Simply Supported Plate

(ridge around perimeter, and being supported in 8 places, makes
this agsumption seem valid)

B. Assume an Equivalent Uniform Mass Distribution and Stiffness
(Rather even distribution of components, components having their
own mounting plates, and most reinforcement ribs in the area of
greater loading make this assumption also seem valid)

C. Simply Supported Plate less T-Beam.

The calculations will show that the plate is safe even without con-
sidering the support of the T-beam., '

i
b ———': VIEW 8

VIEW A

D. Effective Thickness

An effective thickness for an equivalent uniform plate was found,
based on the moment of inertia of the deck.

1) View A

There appeared to be about 8, .12 inch wide by .50 inch high ridges across
the plate In this sectional view.
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Neutral Axis
8(.12) (.5) = .48 in.2
(,125) (19.6) = 2.45 in,2

{,48) (.875) + (.0625) (2.45) = .3331 in,3

- .3331

= = .1136 in,
%= 73,93
Moment of Inertia

I =1—12 (19.6) (.125)° + 2.45 (.1136 - .0625)

+ le- (.96) (.5)° + .48 (.375 - .1136)° = 5.24x1072 in.?

3
ty, = Vizlh - V12 (5.24 x10-2)/19.6 = .318 in.
2) View B

There appeared to be about 5, .12 inch wide by .5 inch high ridges across
the plate in this sectional view.

Neutral Axis

2
5 (.12) (.5) = .3in.
(.125) (12.76) = 1.595 i.tl.2

(.3) (.375)  + (.0625) (1.595) = .2122 in.>

2122

¥ = T1.895

.1120 in.

Moment of Inertia

I =-'i12— (12.76) (.125)3 + 1.595 (.1120 - .0625)2

-2, 4
+—1!2— (.60) (.5)° + .3 (.375 - .1120)° = 3.29 x10 ~ in.
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tye = o/ 2L

b

_ 3
tegt = J 12 (3.29x102)/ 12.76 = .314in.

2.6.1.1.2 Stress Concentrations. - (Machine Design, Black ahd Adams, pg 537)

. 025 1.0

WA= = 2 DA =8
KSC= 1.60

These curves are probably based on static loading of steel samples, but because

no information was obtainable on magnesium, this value was assumed.

2.6.1.1.3 Vibration of the Plate (as a si.n_gle—degree-of—freedom system)

where:

2.601010301 Lﬂn'ofthe Plate (MarkS, pgl 5-102)

f—-—ﬂ—. m_2+£?_.. }_52
T2 a2 dh

b2

3

D = _-_:EL_-Z
12 (1-7")

h =t

P
d = p = —

tab, equiv, density
P = Total weight, 1b.
Lowest {:
m=1,
n =1
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=y
I\
o]

1 1 oE t° ab
-3 Tz 7 _
a b 12(-v)P

N A S | /386 6.5 x10%) (.314)° (12.76) 19.6)
T\ .2 P
2 \12.76°  19.6° 12 (1 - (.281)°) (30.6)
f = 104.3 Hz

W= (104.3) 2 = 655 rad/sec.

2.6.1.1.3.2 Vibration of the Plate on Rubber Supports

M
2 Ko
g
2 Ki
77 7 7 77
Wz Et
K2 = - = 3 (Roark, Plate Eq. No. 37, pg. 225)

where
o = .1673 for a/b = 1.537 (by interpolation)

6 3

(.1673) (12.76)

Mg was evaluated such that it gave the proper wn for the plate with a concen-
trated mass at the center of the plate.

2
M, =% = T80 _ g qe? Ibemsce.

(655)2 in,
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2
_ _ total _ - 30.8 -2 -2 lb.-sec.

A A
_ 1 2 3
K =8k (L1 * L, ) (B ubber ~ 10 psi)

Rubber Gasket Type 1 @

Compression area Al = 1;(.252 - .1642) = .1117 in.2

Thickness I..1 = ,06 in.

Rubber Gasket Type 2 @

0O
Compression"area A2 = {(.82)(.4) + 150 11(.4)'2 - 17(.164)2
' 360
= .453 in.2
Thickness L2 = .04 in,
K = 3(103)( U ‘4343 ) = 10.55x 10> 1Ib./in.

The resonant frequency of a two degree of freedom system is derived from:

L'34_(K1+K2 +K2) W2 4 5%

0
M, M, M,
Vibration Theory & Applications, Thomson, pg. 162.
4 [@o.55+ .742) .'742] 6 .2 . (10.55)(.742) _ . 12
W . + _— =
[ 6,20 ) *10 ¢ fEae amn 10 0
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“,2

h,2

2.6,1.

g, =

Cl =

627, 1363 rad. /sec.

99,7, 217 Hz
1.3.3 Q of the Plate System (£'s assumed)

. 25 (rubber hysteresis)

2

2¢, KM, = 2(.29) J(10.55)(6. 20) X10

K./M, = [ 10.55 x10% = 1305 rad. /sec.
v 6. 20

. 08 (plate hysteresis)
2 gz "Kzl\fl2 2(.08) J(. 742)(1, 731) X10

655 rad. /sec.

VDT tu

M_ eq.

2

X M2 equivalent is the effect of M
4 Xr °

2
-8 g, 8) 2¢,8,°

7 My -

2

-85 + @€, R) a-85%+2¢,8)

1) Qfor w = 627 rad./sec.

_ W 627 _
ﬁa " wn2 655 9573
2

n,

2

(Harris & Crede, pgs. 6-3 to 6-7)

on

M

40, 5 1b, -sec.
in,

1,811 1b, -sec.

My

2]



=

Q

2. {.16)(. 957)2(1. 731 x10'2)j

2 .
- 40837 + L. 16C9SDI7 1 731 3107 -

(08372 + [.16(, 957)]° (.0837)% + [.16(,957)]°
- 6.10 X10~2 - 7,99 X1072 j
(M, + M, eq.) >
1 Mg U

2

(6.20 + 6,10 - 7, 99j) xm"z(sz-nz

~(6.20 + 6,10 - 7.99j) X10™2(627)° + (40, 5(627)j + 10, 55 X10"

.1504 - . 699j

2
-Mz w

2
-Mzw +szj+K2

(1.731 x1o'2)(627)2

(1. 731 X10" %6272 + (L. 8L1) (627 + 7420

2.50 - 4, 66j

xr) {xo) _ 4 e . .
(%)(T) = (2,50 - 4. 66§)(. 1504 ~ . 699j)

-2, 88 - 2, 454

|§| - J2.882+2.452 = 3.78

2) Qfor w = 1363 rad, /sec.

W -
B, = = 2,08
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3)

.16(2.08)° (1. 731 X1075)

oq, = {3:39) + (.16(2.08)]°

M (1.731 x10"2) -

2 (3.33)% +[.16(2.08)] (3.332 + [.16(.208)1°

-2 -2

M, eq. = .532 X10 - .216 X10 " ]
M,+M 2
x0 _ ™M, g €d:) ©
u M, + M 2 +C +
“(My + M, eq.) w + Gy Ky
Conn=2 2

X0 _ (6.20 + . 532 - . 216j) X10 ~ (1363)
U _(6.20 +.532 - .216) X102 (1363)° + (40, 5)(1363) + 10. 55 X10™
X0 - _. 686 -1.888j
u

2
- M,
X0 2

-Mzw +Czc|v.>j +K2

X (.731 X10_2)(1363)2
X0 1,731 X103 (13632 + (1. 811)(1363)j + 7420
XL - 1,288 - ,128]
X0
Xr = £ -}g = fm= - Nf= - i
= (xo)(u) (~1.288 - . 128j)(-. 686 - 1. 888j)
= 641 +2.52]

=1 - J.6412 +2.52%2  =2.59

Plate Stress

For a uniformiy loaded plate, the maximum stress can be expressed in
terms of the displacement, (Roark, Plate Eq. No. 36, Pg, 225)




o0 = ,0863 B = ,497 by interpolation
B bZW Et3y
g = 2 W = '-""'—4'-
t ab
2 3
T CAVE T B 3
t .0863 b b

This is the stress of the plate for the short direction (). Since the "T"
beam has the most extreme fiber, the stress in the long dimension is
needed. Timoshensko gives the value of the stress in each direction which
allows the stress in the long direction (a) to be found, (Theory of Plates
and Shells, Timoshenko, pg. 120).

ga _Ma“.0496_

.597 for a/b = 1,537

ab ‘Mb“.osso‘

J.0a = 597 (5.76E—02¥)
: b
6.0 X 106 (1.25 + ,112)
ga = (.597) (5.76)( - — )y
(12.76)
5
Ca =1.84X10"y
for w = 627 rad. /sec.
G
u =——2- = l—O-ﬁ? = 9, 82 mils
w (627)

y = xr = [i‘él u = (3.78) (9.82) = 37.1 mils

ob= (1.864 X 105) 387.1X 10"3) = 6,93 K psi
(Ksc) ©b) = 11,1 K psi
Fatigue Stress of AZ 31B-0 at 100,000 cycles is 20 K psi.

The factor of safety is 1. 80.
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This analysis is believed to be a pessimistic estimate since there are
two areas of simplification which tend to elevate the calculated siresses.

The "T" beam was neglected for any additional strengthening effect al-
though consideration of its extreme fiber stress was not neglected. The
"T" beam will make the plate capable of supporting more weight, and
will also increase its natural frequency which will make the amplitude
of the input displacement (u) at its natural frequency smaller,

It is hoped there will be some additional damping due to the various
mechanical components on the deck. A more accurate assessment will
be made after an instrumented vibration survey has been completed.

2.6,1.2 Bearing Loads. - In this section, the loads on the various transport
bearings are analyzed and compared with the vendor stated capability. The loads con-
sidered are the steady forces due to tension of the tape and belts, plus peak inertia
forces which occur during prototype qualification testing. For this latter coniponent,
a resonant amplification of § is assumed to be present during the 10g peak sinusoidal
sweep.
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2,6.1.2,1 Guide

Radial
— W, = .05LB
P| = | L8
&5
-,
_cl
F3 - F— T w,-.05L8
le—— (1.3 —»
Fy ]
18I0 BRG 1810 BRG

From equations of static equilibrium:

10

For 10g and Q of 1, Z;

50

For 10g and Q of 5, Zz

1 2

F = ,T5#

(P.+Z W )a
IS S 6 L T

Thrust

F, =2 W_ = 2,5#

Capability
Bearing 1810 capable of:
Radial -~ 27#

Thrust - 56#



2.6,1.2.2 Reel

Radial Py = 5.05LBS
W, = .2L8 W, = 3L8S
0)% ~la—— 0p 2 148 ——— ]
1.05
- L -
oo 1 ] -
W3 =3 LBS 1
o———— f = 1.98
) Fa2
RS BRG R8 BRG

-1 - =
Fo=—[@,+Z W) (L+a)+(Z W) (L-a)] = 22.9

1
F —E[ZWa - (Z,W

N Woa, +P) (al)] = 14, 15#

1

Thrust

F, Z, = (3) (650) = 150¢

Capability
Bearing R8 capable of
Radial - 508#

Thrust -~ 900#
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2.6.1.2.3 Headwheel

Pair R6 bearings capable of

Radial - 334+#
Thrust - 287#

Pair R4 hearings capable of

Radial ~ 140#
Thrust - 132#

Radial
W, + LB W, = 165 LB W3 = .33LB
--—u|=.45---- ——a, = .50 —ola—"3" 4
: 65
— 3 3 ‘
F .
3 W4 z  6LB
- A =255
Fy Fo
PAIR R4 BRGS PAIR R6 BRGS
W. (¢+a)+W.oa -W.ay
1 1 272 33
F1 = ) . 131#
Flzz = (,131) (60) = 6.51#
W_(L-a,)+W,_(L+a)-W
_ 2 2 3 3

F2 = 7 = ,216#

F2Z2 = (,216) (50) = 10.80#
Thrust

7 = = 8,

‘F3 1 {.6) (10 6, 0F

Capability
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2.6.1.2.4 Capstan

Radial
P = 2.5% Wa= 2%
w, - 2% Pa: I
e .
J_o_| = .63 az = 1.70
—— ¢ = 3.00 et
PAIR R6 BRGS PAIR R4 BRGS
1 =
F, = [(pl +Z,Wo) ( +Hha) + (ZW, + P,) (4 az)] 6.8#
1 =
Fp == [(zlw2 + P,) (ay) - (P, + Z,W,) (al)] = J75%
Thrust

F322 = (.5) (50) = 1504
Capability
Bearing pair R6 capable of
Radial ~ 334# each !
Thrust - 273# each
Bearing pair R4 capable of
Radial - 140# each
Thrust - 125# each
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2,6.1,2,5 Capstan Motor

Radial Py = 2.5L8S
W, = .055L8B ' Wz _‘I7LB Wa = 1 LB

n'=,66—-u- 02=I.I5—-4—03=A72

3 > .
. W= .35LB

(2.0

Fl Fo
R3 BRG PAIR R4A BRGS

ZW (Arap+Z,Wa, - Py +2,W,) (g
F. = = 468
1 I
ZW, (4-a)+ (B + 2, W) (L+a) -7 Wa

Thrust

F,2Z, = (-35) (50) = 17.5¢

Capability
Bearing R3 capable of

Radial - 60#
Thrust - 105#

Pair of R4A capable of

Radial - 228#
Thrust - 210#
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2.6, 1.2.6 Differential

Radial

Thrust

Capability

P,=2.5 Py=2.5
L—03= 2.75L----—-
W||: 5
——04= 2.4 ———p
PR L —
N
y L 4 ) 4 -
W, = 1LB
- ,? = 3,32
PAIR R4 BRG PAIR R4 BRG
lel (£- al) + P2 (- az) + ]?3 (£~ a3)
F, = = 4,47#
1 2
(Z,Wia)+ Ppaj) + (Paag)
F_= = 5,55
2 £
F3 = 1#

F 2, = (1) (50) = 50#

Bearing pair capable of

100

Radial - 140#
Thrust - 125#



2.6,1.2,7 Headwheel Iw

Radial :
W, =.4L8 Wp=.4LB
0,=.38 "";%:
F - i
3 ] ] Wy = 1.00LB
-n——-—-f 22, | ———ip .
Fi Fa
PAIR R4A BRG PAIR R4A BRG
Fl = .4
Flz2 = («4) (50) = 20,0#
F2 = .4
F222 = (,4) 50) = 20.0#
Thrust
F3 = 1, 00#
F321 = (1) (10) = 10#
Capability

Bearing R4A capable of

Radial - 114# each
Thrust - 192# each
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2.6,1.2.8 Reel Iw

M W| = |‘6 LBS
P, = 2.51BS
i:ll=
] il
A8
F L .
3 - F ) -
‘ W3 = 2 LBS
4-—-—-—,? 2|, | ————
Fy Fo
RE BRG RE BRG
P, +Z W) (L-a)
1 11 1
F = = -
1 2 15, 5#
P, +Z2. W) @)
_ i 1 1 1
Thrust
ng2 = {2) (50} - 100#
Capability

Bearing R6 capable of

Radial - 16%#
Thrust - 273#
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2,6,1.2,9 Negator Drum

Radial W, = 3.0LBS

.—0 © .90

F3 - F Y b
-———j 1.85 ————w
Fy Fao
R6 BRG R6 BRG
W (4-2a)
3 1
]E‘1 = 7 1.54#
W.a
11
FZZ1 = (1.46) (10) - 14.6#
Thrast
F3 = 3,0
F322 = (3) (50) = 150#
Capability

Bearing R6 capable of

Radial - 167#
Thrust - 273#

W3 = 3.0LBS
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2.6.2 Pressurized Enclosure

2,6,2.1 Stress Analysis

2,6,2.1.1 Structural Configuration

6.178

[—— 13,00 -—m

The enclosure is considered as a pressure vessel whose nominal dimensions
are shown above. The highest pressure loads occur on the upper and lower walls, and
consideration of their strength, stiffness, and weight has more or less controlled the
structural configuration. To minimize the weight of these walls, the general approach
hasg been to provide each wall with two thin load carrying surfaces, separated by a
series of spacerg, or webs, The two thin surfaces will develop the flexural stresses
of a plate under a pressure load, analagous to the action of the flanges in an I-beam,

Two types of construction were congidered: In the first type, the full enclosure
outer shell would be machined from a solid block, with the webs integral with the upper
and lower skins. An inner sheet would then be bolted at many points (46, each, top and
bottom walls) to serve as the second stressed surface. In the second type of construc-
tion, shown in Figure 2-28, the total enclosure is machined from a solid block, with
integral webs and flanges on the upper and lower skins,

In a comparative evaluation of the two types, it was found that the respective
weights were close, with, perhaps, a small advantage in the bolied construction. The
final judgement, however, was based upon the bolting concept itself, The validity of
the stress analysis depends on the assumption that the clamped surfaces at the bolted
junctions do not shift from their unloaded locations when load is applied, While the
proposed fastened joint was designed to insure against this very situation, it was felt
that it would be desirable to eliminate this consideration altogether,
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Further, tradeoffs were made in comparing the use of aluminum versus mag-
nesium. In the design of the upper and lower walls, aluminum would have a competi-
tive weight, but only if the outer skin thickness were of the order . 045" to . 050",
compared to . 080" for magnesium. Since the skin is formed by machining away most
of a 3, 7" thick plate, magnesium is preferred for a practical machining operation,

In the case of the side walls and end walls, which are solid thin plates, for equal
margins of safety in stress, the weight of aluminum is 1.05 greater than magnesium,
and the stiffness of aluminum is 0, 53 less than that of magnesium, The final material
chosen for the enclosure is a ZK60A magnesium alloy hand forging. The magnesium
will be in the T5 condition before machining, and will be treated to the T6 condition
after all rough machining, The strength properties of this alloy are somewhat direc-
tional, relative to the direction of metal flow during forming, and the lowest value is
the compressive yield stress in the transverse direction, Based upon references 1
and 2, as well as private communication with the Dow Chemical Company, this value
is taken as 20,000 psi for the T6 condition,

2.6.2.1,2 Outline of Stress Analusis Procedure

(1) The upper and lower walls are considered to be joined to the side walls and
analyzed as a two-dimensional problem for maximum side wall stress and
maximum transverse 'large plate stress" in the upper and lower walls.

(2) The longitudinal center-line deflection of the upper and lower walls are
calculated as anisotropic plates with simply supported edges, for various
longitudinal cross sections, The minimum longitudinal cross section is
chosen by stress values based upon curvature of the deflection curve.

(3) The "small plate stress’ is calculated for the upper and lower skin, con-
sidered as small plates bounded adjacent stiffener ribs,

(4) The end walls are analyzed by considering them joined to the much stiffer
upper and lower walls, This is analyzed as a two-dimensional problem
with the condition of the upper and lower walls having the values of deflec-
tion and slope at outboard ribs, as developed in (3) above.

(5) Summary of maximum stress values,

2,6,2,1,3 Upper, Lower and Side Walls, as a Two-Dimensional Problem
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For the above rectangular flexure the boundary conditions are: the end moments
and slopes are identical for both vertical and horizontal beams.

¥m
T SRR
Ym
Mo
2 )

Mo

For a beam with uniform loading, ¢« , and simply
supported ends:

5 aL
Ym T 3% E1
1 1 aL3
= — &= , . 106
Ym " 24 Bl (Ref. 5, pg. 106)

For a beam with end moments, Mo

oM
El
M
1 __o
Y = 1 X+0Cy
M
= o
Y =1/2 1 x2+clx+c2
Y(o)=0—»02=0
M L
Y(L)= 0 §1=-1/2 =
and
1 Mo
Y, ~ Y/ =-3 5% L
M
R | _ 1 o
Ylm—Y(O) 2 B L
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Combining the two loadings:

o stope, p. = L el 1 1o
(1) Net tip slope, 6, =7, E, 2 E
4 ML
5 oL 1 7o
(2) Net center deflection, 51 = 384 E1 -3 El
(3) Moment at ends of beam = -M0

1
(4) Moment at center of beam = 3 aL2 - Mo

Imposing the condition of identical tip slopes for horizontal and vertical

beams:
8, = &

L. ML ML 3
1% 1 o1 1 Mo 1 %7
24 El 2 EL 2 El, 24 El

3 3
Y e O A NS N e U 1
2 To\L L 24 I, I,
and
L 2 (12/11) + (Lz/L1)3
6 M =5 al -

12 771 @/L) + (Ly/L)

For plates, the ratio (12/11) is replaced by (Dz/Dl) where D, and Dy, are the
flexural regidities of the respective two plates. The effective flexural rigidity of the
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upper and lower plates is calculated below, after establishing the effective flexural

width of the outer skin and the stiffener flanges.

For sheet-and-stiffener construction
the sheet acts as a flange, referred

to the nominal neutral axis, but with
an effective width less than nominal,

r— 6 —.I _l.‘-— [ —'.':
L 1 o I b $ |
| 1
L ] L ] [ J e
6
l‘— 21 —OII
NOMINAL
NEUTRAL
AXIS
L. J

(bllb) is a function of the ratio L/b where L is the beam length; it is also de-
pendent on the type of beam loading and end supports. The closest avlallable analysis
if for a simply supported beam with a uniform load. The values of (b™/b) plotted in

Figure 2-29, were taken from Ref, 5, pg. 136,

Transverse Stiffness of Upper Wall

i

- 2.834 ————m

r

.080—T .

ol

bt (D —

+

.I2C.’—T

f—— | .3 ——m

s [T mmtscmmriied

a— (62
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OO —

—L—

L/b o

\ | l_ } i I i
4 -5 G 7 .8 . .9 1.0
'
b/b
Figure 2-29. EFFECTIVE WIDTH OF FLANGE (ROARK, P. 138, CASE 13)
FOR BEAMS WITH VERY WIDE FLANGES
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Digtance of Area Moment

Area C.G. from Top about Top
. 080 Skin 2.834 x ,080 = 226 . 040 . 00904
Web . 560 x ,062 = 0347 . 360 . 01249
Flange 1.3 x.,120 = ,156 . 70_0 . 1090
A = ,4167 M =,1305
_ »1305 _ "
B 4167 . 3132

Skin

Distance of its center from centroid =, 3132 - ,040 =, 2732
1 about centroid = . 226(. 2732)2 = . 01687 in%

Effective width of skin for -]I;- =13 _ 4 58is 2 = 923

Effective I of skin = . 923 x . 01687 =, 01557 in4

Web

0062

3 _
ETH (.56) " = .0000906

I about its own center

. 0001606 total for web
I about centroid

.0347(. 045)2 = .00007

Flange

I about centroid = .156(.387)2 = .0233 in?
L 13 bt
Effective width of flange for 13" 10 is 5 " . 985

Effective I = ,985x.,0233 = .02295 il'l4

1 = .01557 +,0016 +.02295 = ,03868 in®
_.03868 _ 3
Iper inch = W = ,01365 in

D, = Ex1/inch = 6.5x 10% x .01365 = 88,725 1b. In,

-
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Extreme Fibre distance of Flange = ,760 - ,3132 = ,4468"
Extreme Fibre distance of Skin = B = , 3132"

Transversge Stiffiness of Side Walls

3
P=T30-0®
for .160'" thick wall
6 3
D, = 8.5x10 "('120) = 2426 Ib. in.
12 (1 -.357)

Transverse Stresses, Center of Enclosure

|-———|.,=|3———-—-—-
} FY ¥ Iy Take effective height of side
L2 [|e = wall as total distance between
=4.658 | [, — stiffener flanges.
IR E NN
_Eg_z Dy L2426 ong
Il D1 88,725
L
2 _ 4,658 _
E; = 13 - . 3583

Using equation (5) and taking ¢ = 17 psi pressure,

M = 17132 N L0273 + (. 3583)°
) 12 .0273 + . 3583

= 45,48 in, 1b. /in,
from equation (4).

Moment at center of side wall = —15"1 . 6582 - M_ = 46,11 - 45,48
=0,63 in, b, /in.
17 2
Moment at center of top wall = 5 (13" - Mo = 359,12 - 45,48

= 313,64 in, 1b, /in.
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6 M
Maximum side wall stress = 20 = 6(45°428) = 10,660 psi

t (. 160)

Maximum transverse ''large Plate stresges' in upper and lower walls are:

313.64 x , 4468

Max Flange Stress = 01365 = 10,232 psi
Max Skin Stress = 313, 631);6’53122 = 7,149 psi (large plate stress, only)

Deflection of upper wall as a two-dimensional problem, from equation (2):

5. = 2> x anas’ _1 . (45,4803
1 384 © 788,725 8 X " 88725

.0712 - , 00083 = ,0704"

%

Note, that M, has a negligible effect on the deflection of the upper wall, Itis
only 1.16% less than that for a simply supported upper wall (i.e., M, = 0), This will
servo to justify the deflection analysis, further on, of the upper wall, considered as a
simply supported plate.

The above stress calculations are reasonable, slightly pessimistic estimates of
the transverse "large plate stress'' in the upper, lower and side walls, To estimate the
longitudinal stresses in the upper and lower walls and the effects in the end walls, the
analysis can no longer be considered a two-dimensional problem. An estimate of the
longitudinal deflection curve of the upper and lower walls is now required.

2.6.2.1.4 Deflection of the Upper Wall as an Anisotropic Plate

o SECTIONAL RIGIDITY, Dy
For a plate which does not have

|
0 : — x the same elastic constants in all
| SECTIONA directions, the differential equa-
- ; - T RIGIDITY, 'b), tion of deflection is:
! _
i
v |
y
a4w a4.w a4w _
6 D, —5 + 2H——5——5 + D, — = (Ref. 4, Pg. 365)
X% 3x? aY’ Y
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where:

w = deflection of the plate at any point
D. = flexural rigidity in bending in the x direction
D., = flexural rigidity in bending in the Y direction
H =D+ 2ny

D, = cross-coupling rigidity, due to the Poisson's Ratio effect (D1 = yD for
an isotropic plate)

ny = rigidity in a twisting mode

a = the normal pressure

For a rectangular plate, simply supported at all edges, and uniformly loaded
with pressure « o’ the gsolution is the double trigonometric geries.

o -]
- mxX . nwy
{(H w = E E &nn sin 2 St —¢

m=1’3,5 n=1’395

where:
. 16 ao 1
® a = 6 q 22 4
mn(_ti D +2 22H+TDY)
a ab

For a plate which obtains most of its stiffness from a series of ribs, the cross-
coupling rigidity, Dy, can be taken as zero, Now, H can be rewritten as:

C C
@ H = 2D +3-1+b—2
A T
where:
1 Gh°
D xy = twisting rigidity of the plate without the ribs (= -1—2—)
C1 = torsional stiffness of a single rib in the x direction
b1 = gpacing of ribs in the x direction
C, = torsional stiffness of a single rib in the Y direction
b2 = spacing of ribs in the Y direction
G = modulus of rigidity (=2, 4 x 10% for magnesium)
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A J

For the T-section stiffener,
at left, the torsional stiffness

;
l Is:
o T

S\\\

C = KG
where:

(10) K = %— (fe + gd®)

This last expression is a simplification of Roark's expression (ref, 5, pg. 198),
from which secondary effect terms have heen dropped.

Using equations (7) and (8) deflection curves of the 20" center line were obtained
by computer for 3 longitudinal ribs, 3, 25" apart. Solutions were obtained for 3 different
longitudinal flange widths: 1/2', 1" and 1-3/8". A solution was also obtained for the
case of no longitudinal ribs to serve as reference, and also to show the need for some
longitudinal stiffness, The final calculated rigidity parameters used in the four com-
puter solutions were as follows:

Flaflge Wi'dth of DY D, H
Longitudinal Stiffener, in, 1b. -in, ib, -in, lb, -in,
0 88,725 277.3 856
. 500 88,725 38,524 1073
1,000 88,725 66,939 1232
1,375 88,725 83, 896 1372

The center line deflection curves for the four cases are plotted in Figure 2-30,

The values of the curvature of the deflection curves were also obtained by com-
puter in order to calculate the longitudinal bending stresses in the upper wall. Sample

computer runoff sheets for the deflection and curvature with 1/2" flanges are shown on
the following pages.

The 1/2'" wide flange is the one selected for the actual design. Its maximum
center-line curvature is . 00198, located 3. 8" from either end,
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The longitudinal flexure stresses are obtained by combining the two basic beam
equations:

[ — M..
Y =0
s .
I |
leading to:

1) 8 = E,, xC

For three 1/2'" longitudinal flanges, the calculated neutral axis was 0.1374 from
the top surface:

(6.5 x 10% (.00198) (. 1374)
1766 psi

(6.5 x 105) (,00198) (. 760 - .1374)

8600 psi

Outer skin "large plate stress"

]

Flange Stress

2.6,2.1,5 "Small Plate Stress'. - The outer skin stresses previously calcu-~
lated were essentially pure tension stresses, due to the skin acting as a flange of a
web-and-flange section, 0, 76" deep, The outer skin, however, is also a series of
.080" thick panels between the stiffener ribs, and it will experience flexure stresses
as a consequence of this,

These '"small plate stresses" must be superimposed on the "large plate
stresses",

The distance between the ribs along the 20" dimension is 2, 86" and the distance
between ribs in the 13" dimension is 2, 86", Analyzing the small plates, as clamped

on all edges:

3,25

b/a = -ZT-SE = 1,135
From Ref, 4, pg. 202 for b/a =1,1,

)]

L0581l &« a2 (longitudinal direction)

(My)max,
(Myymax,

.0538 ¢x a2 (transverse direction)
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Longitudinal "Small Plate Stress"

il

(M_)max. .0581(17) (2. 86)2 = 8,07 in, 1b, /in.

S = -w—% = 7580 psi
(. 080)

Transverse "Small Plate Stress'

(My)max, = .0538(17) 2.862 = 7.47in.1b, /in,
s = %"ﬂz = 7019 psi
(. 080)

2.6,2.1,6 Bending Moments in End Walls., - The end walls will be analyzed as
a two-dimensional problem, similarly to that done for the side wall, In this analysis,
however, the upper wall will be assumed to have a deflection curve between its outer-
most ribs identical to that previously calculated for a simply supported anisotropic

plate.
P
My M"-'Ml
I

The end wall is considered as a
vertical beam joined to two

T Mo L 3, horizontal beams, of length, Ly,
Ly Vo equal to the distance from the
l rgo ends to the outermost ribs. &
and 81, the tip deflection and slope,
X " are equal to those of the upper wall
A _,1_- ° center line at the outermost ribs,
Q
=S

Horizontal Beams

"
Ell Y1

2
El1 Y, (PL; - M ) x - 1/2 Px° + ElL o,

PEL, - % -M,

2
- x 1 _.3
Y, = (PL, -M) 5 -3 Px +EL 6 x

(12 El 2

1

L2
%) Max. ¥, = -—l—(ipL3-M —L) + 8L
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Vertical Beam

Yo" = B My
2
T 1
Yoo =g Mppx*§,
2
M
1 12 2
Yy =% gL * *8F
2
M
1 12 2 .
Yz(Lz) ——2-'—'1;-1;2 -8 LZ_O
o o < 1 Mo Iy
a4 6, = -7 El2

Using the boundary condition Yll (L) = 91 and equation (14)

i M,.L
i 2 1 1 1272
—_ 1 - - ML -=— =2¢ “ =
Ell [P 1 2 le) ] 1] 2 El2 B1

El2
and, defining R = (——)
El 1

L
+ 2El 1 91 + ?2 M 9 using the boundary condition

1

1

2
(15 PL,“ = 2M L,

]

2 3
(16) IDl’l 2 2 El

M. _L
1 12 2
MOLI + 3E11 (51 -5 —'—2—)

from the summation of moments on the horizontal beam.

17y PL, = M2+M

1 1 2
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Solving (15), (16) and (17) simultaneously, and introducing the term

Q=E11L2
ELL,
. (Bl 65 -26L,
18) My, == X —172q
L
1
(19 M = 6El ! 1+Q 1, o (2439
o 1zl T3 e i
L, 1

Stresses in the End Walls, - The total moment acting on the end wall is obtained
by the super-position of the effects of M;, and the pressure load 4.

-2;;.;—*1 /L

L2
£ 4.658

The parameter Q is evaluated with the respective values of plate flexural rigidity
instead of the beam (El)

Q:

88725 x 4, 658
Q = X

3426 x 5.858 _ °0-6
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From tﬁe computer solution of the upper wall deflection curve for x = 2. 858 ~ 2, 8"

51 = ,039%64

and by incremental calculation:

_Aw _ 00246 ..

91 AX .2

From Equation (18),

M = 88725 6(.03964) - 2(.0123)2.858) _ . 1o p e

127 5 ase? 1+ 2 (59, 6)
The end plate flexure stress due to M12 is:
6M
312 _ 212 _ 6X15.;2 = 3544 psi
t (. 160)

The maximum stress in the end wall, considered as a plate clamped on all edges,
with a uniform pressure load, occurs at the edges of the plate,

. _ 13 _
for b/a = 7658 2,79

Reference 4, pg. 202 shows negligible differences of moments and deflections
for clamped plates with b/a = 2 and b/a ==, The maximum moment due to pressure,

(Mp)max. = .0833 ¢ a2
(Mpymax, = ,0833(17)(4.658)% = 30,73 in,1b. /in,
Max, Sp = 6(3"]'73; = 7202 psi

(. 160)

At the edges of the end wall, this stress is additive to that caused by My,, and
the maximum end wall stress is:

S = 3644 + 7202 = 10,746 psi
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2,6.2.1.7 Summary of Maximum Stress Values

Top Wall-Outer Skin

Transverse ''Large Plate Stress" 7,149 psi
Transverse ""Small Plate Stress™ 7,019 psi
Total Transverse Siress 14,168 psi
Longitudinal "Large Plate Stress" 1,766 psi
Longitudinal "Small Plate Stress' 7,580 psi
Total Longitudinal Stress 9, 346 psi

Stiffener Flanges

Transverse Stress 10,232 psi
Longitudinal Stress 8,000 psi
Side Wall Stress 10,660 psi
End Wall Stress 10, 746 psi

2,6.2.1.8 Bibliography

MIL-HDBK~5A

Aerospace Structural Metals Handbook (AFML-TR-68-115)

"Magnesium Design'’, The Dow Chemical Company

. "Theory of Plates and Shells", S, Timoshenko and S, Woinowsky-Krieger
"Formulas for Stress and Strain', R.J. Roark, 4th Edition
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2.6.2.2 Leakage Discussion

2,6,2.2,1 Background. - A properly designed sealing system has but one
source of leakage; diffusion of gases through the sealing medium. This diffusion rate
is dependent upon the seal material, seal length, gases to be contained, AP, etc.
More important, however, are the allowable flange deflections and the resulting leak
rate improvement over theoretical that can be achieved by "overdesigning' the stiffness
of the flanges against which the seal is made.

The ERTS enclosure represents an internal volume of 1200 cubic inches, ap-
proximately 765 cubic inches of which is gas (90% "Mair", 10% helium), The launch
pressure is 17 psia, and no degradation of performance due to gas leakage is to occur
for 15 months in orbit, following 9 months at sea level pressure. "Air' (79% No,

21% Oy) has been selected as the pressurizing gas since most of head/tape life data
has been derived in this atmosphere.

2.6.2.2.2 Approach
a, Determine what pressure drop within the recorder is tolerable.

b. Design a seal using known diffusion rates to meet the requirements of "a'
above as a minimum.

¢. Determine from DSU experience the degree of flange stiffness "overdesign®
to be incorporated, if any, as a reliability trade-off.

d. Define leak rate test parameters for qualification/acceptance test purposes.

2.6.2.2,3 Tolerable Pressure Drop. - The two causes of performance degrada-
tion at reduced pressures are loss of moisture (water vapor) from tape and loss of
lubricant from bearings. At say 140°F, a temperature well above that which would
cause permanent tape damage, the vapor pressure of water is 2. 88 psia, Further, the
bearing greases operating within prescribed temperature limits have vapor pressures
some orders of magnitude below this pressure. It is therefore safe to set 7 psia as a
low limit for safe operation, or, conversely, a pressure loss of 10 psi through the life
of the recorder.

2,6.2,2.,4 Seal Design by Diffusion Rates

a, From Parker Seal Handbook, diffusion rate for helium through Viton at

140°F:
Qy = 21 atm ce/in, /year
Qg = L.28atm in.3/in. /year
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b. Diffusion rate coefficients for helium and air at 140° F:

AH = 7,0

Aa =5.1

¢, Diffusion rate for air, Qa:

Aa
Q, = QH_lH
Qa = ,932 atm in.3/in. /year

d. Diffusion rates for ERTS recorder seal length:

L =221+ 14) X2
L = 140 inches
17.0
Total pressure differential, AP = a7 1. 16 atmospheres,

Time in orbit (15 mos.) t = %g— = 1,25 years.,

Partial pressure due to air = 1,045 atmospheres,

Partial pressure due to He = . 115 atmospheres.

(- 932) (140) (1.045) (1.25)

171 in. 2 air/15 mos.

3

26,6 in.” helium/15 mos.

Q,

Q,

Qy = (1.28) (140) (. 115) (1.25)
Q=

Q,

= 197. 6 in.° mixture/15 mos.

e, Pressure drop:
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- -6
17.1 765 - 197

P2 765

P2 = 12,6 psia or AP = 4.4 psi

f. Flange Stiffness, - The diffusion rates used in paragraph 2.6.2.2.4 are
based upon the provision that flange deflection be limited to .003". The
flange stiffness required in the ERTS enclosure is, however, dictated by
other considerations, such as side wall thickness required for containment
of pressure and flange thickness sufficient to retain flathess and support
secrews., These things considered, the theoretically required bolt spacing
is above 10", Based upon paragraph 2,6.2.2,5, the bolt spacing for the
ERTS enclosure is nominally 2.06".

_ 2.6.2.2.5 Actual ve. Calculated Leak Rates per DSU, - The calculated leak
raie by diffusion through the DSU Viton seal material is 89,2 in.3/year of the 90% N,,
10% the gas mixture, The measured rate is 18,6 in, -3/year, better than 1/4 the calcu-
lated rate. Further investigation reveals that the degree of "overdesign' in the DSU
flange stiffness is about 4 to 1.

2.6.2,2,6 Summary. - The leak rate based upon calculations of diffusion of
gases through a Viton seal with ,003" flange deflection reflect a pressure drop of 4.4
psi vs. a tolerable drop of 10 psi within the pressurized enclosure. These drops and
leak rates are summarized below along with other factors as an aid in determining a
realistic qualification/acceptance test criteria. The terms used are: a) calculated
leakage, b) tolerable leakage - as defined above, c) expected leakage - the leakage
actually expected, based upon "overdesign'' of the flanges, and d) test rate - the sug-
gested leak test criteria. Dimensions are cubic inches or pounds per square inch per
15 months at orbit environment.

a) Tolerable leakage AV = 451 in.3
AP = 10 psi

b) Calculated leakage AV = 197.6 in,3
AP = 4,4 psi

c) Expected leakage AV = 99 in.3
AP = 2,2 psi

d) Test rate AV =270 in.3
AP = 6 psi
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2.7 Mechanical Design of Electronic Subsystems

2.7.1 Circuit Board Design Parameters, - The printed circuit boards are
designed according to MIL-STD-275B which covers such items as copper trace thick-
ness and width, trace spacing for various voltages and the temperature requirements
of the base material, All boards are double-sided; none use plated through holes.

2.7.2 Comnectors and Harness. - The basic interconnection system used within
the Transport Unit consists of a hard-wired harness and, with three exceptions, plug-
in sub-assemblies, Further, as directed by GSFC, the harness contains as few
(solder) connections as possible and connects the enclosure-mounted hermetic input-
output connectors directly to the motor-board-mounted sub-assembly interface con-
nectors. The selection of connectors and design of the harness incorporate the current
derating requirements, Ferrules are used wherever coax conductors are broken out
as protection against damage due to vibration,

2.7.2.1 Connectors., - Three basic connector types are used to interconnect
the Transport Unit, These are the Deutsch DM5605 series hermetic connectors for
input-output, the Continental SM and MM series for general sub-assembly interface,
and the Sealectro 50 (screw lock) series for coax interfaces. All connectors in the
Transport Unit are solder types, except where coax shields are secured to RF con-
nectors,

2,7.2.2 Harness. - The harness layout, while taking careful cognizahce of
lead length and routing requirement, is being developed during the Engineering Model
build cycle,

2,7.2,3 Wired-In Sub-assemblies, - The three hard wired parts are the
pressure and temperature transducers and the Motor/Solenoid Switch assembly, As
the name implies, this sub-chassis contains the start/run and run relays for the head-
wheel, IW, and capstan motors plus the switching circuitry associated with the head-
wheel solenocid, Due to the large number of high current leads required, connector
interfacing of this sub-assembly is impractical, The components mounted on this
sub-assembly are replaceable individually,

2.8 Thermal Considerations

Throughout the thermal analysis of the Transport Unit, convective heat transfer
is assumed to be zero, Although such "blowers' as the headwheel panel, headwheel
panel momentum compensator and reel momentum compensator are operating period-
ically, there is no assurance that any effective convective transfer will result.
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2.8.1 Printed Circuit Boards, - There are six printed circuit boards within
the Transport Unit enclosure, Radiation is assumed to be the only cooling means
available except where provisions are specifically made for conductive cooling. These
six printed circuit boards and the dissipation requirements are as follows:

1) Video Playback Amplifier 0,5 watts
2) Aux/Search Preamp 2.6 wafts
3) Control Track/Tach Preamp 1.0 watts

4) Video Recorder/Preamp (2 @ 8 w) 16.0 watts
5) Motor/Solenoid Switch 1,7 watts

2,8,1,1 Vvideo Record/Preamp (Item 4, previous paragraph), - The four
record/play preamplifier channels are packaged on two identical printed circuit
boards, When installed in the Transport Unit, these two boards are "stacked" one
on top of the other, Dissipation is 8 watts per board, 95% of which is due to six com-
ponents (4 IC's and 2 transistors), A one channel breadboard record/preamp was
subjected to temperature tesis simulating the installation to determine cooling re-
quirements,

Transistor cooling (0.6 watt/transistor) is accomplished by radiation from a
relatively large area dissipator, Conductive cooling is not feasible since dc or capa-
citive coupling to the motor board (signal ground) creates insurmountahle electrical
problems. )

The bulk of the board dissipation is from 4 IC's (1,6 watts/IC), Here, capa-
citive coupling to the motor board is not an electrical problem, and a thermally con-
ductive path is provided directly to the motor board,

2.8.1.2 Other Electronics - The remainder of the printed circuitry in the -
Transport Unit (items 1, 2,3, 5) depends upon radiation to the Trangport Unit case for
heat removal. The thermal density, view factor and sink area are particularly favor-
able in this instance. Where individual components on these borads were found lack-
ing in sufficient radiant area, these areas were increased by enlarging the printed
copper pad upon which the component mounts and transferring heat from the compo~
nent to the pad by conductive cements, screws, etc.
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2.8,2 System Wattage Profile, - This section defines the thermal dissipation
load of the Transport Unit, To accomplish this, the following data was accumulated:

1)

2)

3)

4)
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Power consumption for each sub-assembly during transient
and steady state operation, and Ne modes in which sub-
assemblies areoperative. . . . .. .. . i eee e See Table 2-3

Steady state power consumption by recorder modes
4 & & B F S 8 80 " & % F 48 4 &8 A SeeTable2-4

Definition of the various transient time sequences as allowed
by the system control logic, These data are by time, mode
and OCCUYTENCEe .. 42 ceevversnvonsassacsssass See Table2-5

Definition of the average power consumption during each of the
transient conditions per Tables 2-3, 24 & 2-5...... See Table 2-6



TABLE 2-3, POWER CONSUMPTION - BY SUB-ASSEMBLY
(IN WATTS & SECONDS)

SUB-ASSEMBLY START S'I?I?\‘IRET RUN [ STANDBY | RECORD | PLAY { WIND
1, HWP Motor 135 4.0 12,0
2, Shoe Solenoid 120 | 0,10 | 2.5
3. 1w Motor 55 | 4.0 6.0
4, Capstan (L,S.) 14 0.6 8.0
5. Capstan (E.S) 92 1.5 |13.0
6, Capstan Brake i 1.4
7. Video Playback Amp 1.0
8. Aux/Search Preamp 1.3 2.6 1.3 | 1.3
9, Video Rec/Preamp 0.8 16,0 0.8
{10, Control Trk/Tack 0.25 0.25 0.8 | 0.25
Preamp
11, Motor/Solenoid Sw, 0,1 0.1 0.1 | 0,1
(normal)
12. Erase Head 1.0
2,45 19,95 4,0 1,65
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TABLE 2-4, POWER CONSUMPTION - STEADY STATE (BY MODE)

1., Standby - continuous

HWP - 12,0 W
Tw - 6.0 W

Electronics - 2,4 W

20,4 W continuous

2. Record - 30 minutes maximum

HWP - 12,0 W
HWP Solenoid - 2.5 W
Capstan - 8,0 W
Iw - 6,0 W
Electronics -

20,0 W

50,8 W continuous

3. Play - 30 minutes maximum
Same as Record except:

Electronics

4,0 W

Other - 28.5 W

32.5 W continuous

4, Wind/Forward

Capstian - 13.0 W continuous
Electronics - 1..?‘ W
14, 7TW
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TABLE 2-6, DISSIPATIONS ~ TRANSIENT POWER

(WATTS & SECONDS)

1, Off to Standby - 5 sec, (by timer)

HWP - Start -
Run -
Iw - Start -
Run -
Electronics -

135 W for 3 sec,: 135 X
12 W for 2 sec.: 12 X
55 W for 4 sec,: 55 X

6 W for 1 sec,: 6 X

2.4 W for 5 see,: 2.4 X

3/5 = 81.0
2/5 = 4.8
4/5 = 44,0
1/5 = 1.2
5/5 = 2.4

133.4 for 5 sec,

2, Standby to Record - 1,1 sec, minimum (Sense Capstan W + ,5 sec, delay + ,1 sec.

Capstan - Start -
Run -
awpP - Run
Shoe Solenoid
(Close) -
(Hold) -
Iw Run -
Electronics
(Shoe Close) -
(Run) -

32 W for .5 sec.: 32 X

8 W for .6 sec,: 8§ X
12 W for 1.1 sec,: 12 X
120 W for .1 sec,: 120 X
4.8 W for 1,0 sec,: 4,8 X

6 W for 1,1 sec.: 6 X
22 W for .1 sec.: 22 X
20 W for 1,0 sec, : 20 X

Shoe Closure)

.5/1.1 = 14,5
.6/1.1 = 4.4
1 = 12,0
1/1.1 = 10,9
1,0/1.1= 4.4
1 = 6,0
/1.1 = 2,0

1,0/1,1 = 18,2
72.4 for 1.1 sec,

3. Standby to Play - same as 2 above except "Electronics Run'' is 4,0 W,

4, Record or Play to Standby - 1,4 sec,

Capstan Brake -~

Electronics -

5. Off to Forward or Wind -

Capstan - Start

1

Run

Electronics

58,2 for 1.1
(timer)
7.0 W for 1.4 sec.:
2,4 W ifor 1,4 sec.: =

sec,

2.4
9.4 forl, 4 sec,

.8 sec, (Capstan Start Time + ,5 delay)

92 W for ,3 sec,: 92 X
13 W for .5 sec,: 13 X
1,7 W for .8 sec.: 1,7 X

.3/.8 = 35.0
.5/.8 = 8,0
1 = 31,7
44, 7for .8 sec,
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2.8.2.2 Duty Cycle. - A duty cycle of 60 seconds ig thought to be a practical
beginning. The definition of "off" in this discussion will be taken to be "OFF" mode,
Additionally, the term "on" is defined as the mode under analysis. The purpose of
this discussion is to allow comparison of transient conditions on a common basis.
Therefore, the 60 second on-off cycle is defined as the time between the initiation of
an electrical function by command and the completion of whatever sequence of electrical
functions of control logic provides, all within the 60 second time period.

2,8,2,3 Worst Case Definition (60 second cycle), - The worst transient case is
that of OFF to STANDBY to OFF, Here, the average dissipation is:

OFF-STANDBY: (Table 2-6, Item 1) 192,4 W for 4 sec.:192,4 X 4/60 = 12,8
STANDBY-RUN: (Table 2-4, Item 1)} 20.4 W for 54.6 sec. :20.4 X 54.6/60 = 18.6_

STANDBY~-OFF: (Table 2-3, Item 6) 7.0 W for 1,4 sec,: 7.0X 1.4/60= 0,2
31.6 W

The worst case steady state condition (Table 2-4, Itetn 2) is that of the RECORD
mode where the average dissipation is 48,5 watts.

2,8,2,4 Discussion of Results. - The worst case transient condition, based upon
a 60 second on-off cycle, is 31.6 watts average for the OFF-STANDBY-OFF sequence.
The likelihood of such a cycle being repeated with sufficient frequency to even approach
the full 50 watt dissipation is minimal,

The worst case steady state dissipation is 48.5 watts in the RECORD modes,
This condition is inescapable, and, if the T, U, is designed for 48.5 watts dissipation,
the transient cycle frequencies can be shortened from the assumed 60 second
limit.

2,8,3 Transport Unit Temperature Gradient, - At the start of an analysis such
as this, certain objectives and assumptions must be stated. Such statements, or ground
rules, are controlled by the input information available, the depth to which the analysis
should be taken from a practical viewpoint, and the degree of detail required or desired
in the results,

2.8.3.1 Ground Rules,

1) Internal heat originates from a constant temperature "Motor Board",
i.e., no temperature gradient across the heat source, This is considered
to be a conservative approach since many areas (such as PC boards and
motors) will rise to an average temperature somewhat above that allowed
for the motor board),
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2)

3)

4)

3)

6)

Radiant heat transfer occurs under the following conditions in all
cases:

a) View factor, Fp = 1
b) Emmissivity, absorptivity, Fe = 0,9
¢) Area = inside area of T.U, enclosure,

There is no heat transferred through the gas mixture in the Transport
Unit enclosure, either by conduction or convection.

A temperature gradient of zero exists across both the top and bottom
halves of the T,U, enclosure, each taken individually, except as
specifically stated., This is considered to be a reasonable assumption
since thermal conduction through the magnesium enclosure is large
compared to other thermal transfer media available (para. 2,8.3.3.2.3).

The sink temperature (spacecraft) is constant throughout, whether
absorbing heat from the Transport Unit by conduction or radiation.

The analysis covers the long term steady state condition with no
consideration given to the heat absorbing characteristics of the
metallic elements of the Transport Unit.

2,8,3.2 Analysis,

1)

2)

3)

4)

5)

Define the form factor and thermal transfer paths available -
See Figure 2-31,

Dévelop an equivalent electrical circuit for steady state conditions -
See Figure 2-32,

Define the constants required to analyze the circuit (summarized
and indexed in Figure 2-32).

Analyze the electrical circuit, defining temperature drops,
transfer paths, etc, (Figure 2-33).

Relate A t's to sink temperatures to determine adequacy of the
design (paragraph 2,8,3,2,1),
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R2 (TOP COVER)
VWA—

_\B 3 WA
T SINK
$e:
< 4,
SOURCE | ASh 2] =
— cs T
IT s T §R4
' § ‘gca ca T
| I
=0 4\2/3\, o
(BOTTOM COVER)
Constant °F/‘1’;'l1}lrlje/nr. ParRa_.gefr:aEh Fath
R, .22 | 2.8.8.3.1.1 Rad - MB to Top Cover
Rs .22 2,8.3.3.1.1 Rad - Top Cover to Sink
Ry .27 2.8.3.3.1.2 Rad - MB to Bottom Cover
Ry .27 2,8.3.3.1.2 Rad - Bottom Cover to Sink
Cl . 066 2.8,3.3.2.1 Cond - MB to MB Support
Co . 047 2,8.3.3.2.1 Cond - MB Support to Top Cover
Cs . 047 2.8.3.8.2.2 Cond - MB Support to Bottom Cover
Cy . 037 2.8.3.3.2.4 Cond - Bottom Cover to Mtg. Feet
Cg . 036 2.8.3.3.2.5 Cond - Mtg. Feet to Sink
I = = heat load
= 50.8 watts
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173 BTU/Hr.

Figure 2-32 EQUIVALENT CIRCUIT & CONSTANTS
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2.8.3.2.,1 Discussion of Results, - This analysis is a "first cut” at the worst
case with no allowances made for thermal absorbtivity of the metallic parts of the
Transport Unit, This is considered to be a conservative approach, More detailed
analysis will be undertaken as time and updated inputs become available,

The present analysis shows a maximum rise above sink of 17,0° F at the motor
board. Applied to the Nimbus thermal-vacuum qualification temperature maximum of
45°C (113°F), this resultsina maximum temperature at the motor board of 13¢° F,

Considering the assumptions, this figure is considered satisfactory,
2,8,3.3 Definition of Transfer Constants, - In order to make use of dc circuit

equations and the equivalent circuit of Figure 2-31, transfer constants in the form of
°F per BTU per hour are derived or stated below, and summarized in Figure 2-32,

2.8.3,3,1 Radiation Constants Ry, Rg, R3, R,

from: Q = 1783 F, FA A [(&) . (E)4]
100 100
2,8.,3,3.,1.1 Define R} = Ry
2¥ - (m)}t - Q
10 100 .179 FA Fo A
T1 = 119°F: Motor board temperature assumed

maximum value to permit maximum internal gas
temperature of 125°F,

A = 3,56 ft.zz enclosure area
Q = 10 BTU/Hr,

T, = Resultant wall temperature

(&)‘* . (.m)4 - 10
100 100 (179 (1) (.9) (3.56)

Ty = 116,8°F
At = 2,2°F for 10 BTU/Hr.

At = .22°F/BTU/Hr,
Ry = Ry = At = ,22°F/BTU/Hr,
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2.8.3.3.1.2 Define Ry = Ry. - (same as R, except A = 3. 00, bottom cover

area)
T2 = 116.3°F |
At = 2.7°F for 10 BTU/Hr.
At = .27°F/BTU/Hr.

R, =R, ¥ At= .27°F/BTU/Hr.

2,8.8.3.2 Conduction Constants - C

1 through 05

2.8.3.3.2.1 C3 ~ Motor Board to MB Support. - This path is via 8 mounting
points which provide electrical isolation of the motor board (signal ground) from
spacecraft ground. The insulating material is silicone rubber with a thermal
conduction coefficient of 23 BTU/Hr. /ft. 2/in. /°F. Experimental determination of
the overall transfer constant for the mounting point assembly is as yet incomplete.
However, sufficient confidence has been achieved to introduce the stated conduction
coefficient into this analysis.

_ kAAt
Q=7
k = 23 BTU/Hr. /ft.2/in. /°F
A = .47 in. %/pad
L = .04"
Q = 23 L47X8
(- 04y (149)
@ = 15.1 BUT/Hr./°F
— 1 — o
c:1 = g = .066°F/BTU/Hr.

2.8.3.3.2.2 Cg, C3 - Motor Board Mount o Top and Bottom Covers.

Q = kAAt
k = transfer constant = .3 watts/in. 2/ °C based upon RCA Hights~

town test work and experience for dry aluminum to magnesium
interface at 100 to 200 psi interface pressure.
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. 3 watts/in. z/"C = ,68 BTU/Hr./°F

k =
A = interface area = 31.52 in.z/side
At = 1°F

Q = (.68) (31.52) (1)

Q =21.4 BTU/Hr./°F per side
1

C, =Ci=31% = .047°F/BTU/Hr.

2.8.3.3.2.3 C_ - Down Side Walls of Cover
_ kAat

Q = __L

A =area = (. 140)(19.8) (13) (2)
A =722
k = 1100 BTU/Hr. /ft. 2/°F/il:|. (magnesium)

L = 2,5" maximum

At =1°F
@ = 1109 (72) ()
T 2.5 (149

Q = 220 BTU/Hr./°F

C =-é—;6- = ,0045°F/BTU/Hr. - This value is roughtly one order of
magnitude below all other conduction
constants and was therefore not used
in the final analysis.

2.8.3.3.2,4 C4 - Boitom Cover to Mounting Pad

@ L

A = area through which thermal conduction can occur hetween the
side and bottom walls of the cover and the mounting pad.
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. 915 in, 2/pad

A =
k = 1100 BTU/Hr. /ft. 2/ °F/in. (magnesium)
q = (1100 (-915) (4) At
(144) (1)
Q@ = 28 BTU/Hr./°F for 4 mounting pads.
C4 = 3-= .037°F/BTU/Hr.
2.8.3.3.2.5 Cp - Mounting Pad to Sink -
Q = kAAt
k = transfer constant = 3 to 5 watts/in. 2/ °C, 200 psi interface
pressure with thin coating of DC4 or RTV material.
k = 6.8 BTU/Hr./in. 2/°F
A = 1'in.2 per pad
A = 4 in. 2
Q = (6.8 D
Q@ = 27.2 BTU/MHr./°F
c, = -271-5- = .036°F/BTU/Hr.

2,9 Weight and Power Consumption Summaries

Table 2-7 contains the most recent summary of the Transport Unit weight.
The current tabulation for this unit, when combined with the estimated Electronic
Unit weight of 27. 2 lbs. , yields a projected recording system weight of 69. 93 lbs.
exclusive of interconnecting cables. The E.U. weight, however, is still based largely
on estimates.

Figure 2-33 reflects the power profile for the total VTR, The power surges,
exclusive of the spikes, are consumed largely in the Transport Unit during start-up
of the varous motors. These surges have been considered in estimating power
consumption of the Transport Unit for the T.U, thermal analysis, and, are discussed
in paragraph 2.8.2. 9.
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3.0 RELIABILITY OF CIRCUITS WITHIN THE TRANSPORT UNIT

The majority of the electronic circuits for the ERTS recorder system are
housed in the Electronics Unit. However, some circuits must be placed on the Trans-
port unit to optimize equipment performance and to minimize cabling between the two
units, For this reason, the circuits housed in the Transport unit are an aggregate of
miscellaneous functions, Figure 3-1 and 3-2 show in block diagram form the various
circuit functions performed: Two video record/preamplifier boards and a dual channel,
video playback amplifier board comprise the circuitry required for the wideband chan-
nel, A control track/tach preamplifier and an aux/search preamplifier comprise the
electronic circuitry required for the longitudinal tracks, A motor/solenoid switch as-
sembly performs switching functions reguired for proper operation of the motors and

the shoe solenoid, This module also contains circuits required for the pressure,
temperature and tape footage telemetry monitors,

3.1 Introduction

Reliability of these circuits is presented as an analytical evaluation of circuit
and component performance and failure mode effect and criticality. The analysis pro-
vides an estimate of reliability based on statistical data and probability theory for elec-
tronic components given in MIL-HDBK-217 (RCA DEP Stds. Vol, 14), Components are
either JAN TX or MIL-ER (High Reliability) parts with established reliability of class
(P) or higher, or they are MIL-Std level parts which have been screened to accomplish
the same high reliability, '

All parts have been derated to achieve an increased reliability in accordance
with a conservative derating plan. A component ambient temperature of 60°C has been
used in arriving at failure rates from RCA DEP Std., Volume 14,

i .

3.1.1 Worst Case Analysis, - The Worst Case Analysis shows the performance
of the circuit under a maximum cumulative tolerances of the various components, In
general, the values of drift due to stress and aging are baged upon MIL-HDBK-217
as interpreted by the appropriate RCA Defense Standard books, Significant deviations
from this procedure are drift figures for RNR type resistors which are based on special
data obtained from our Standards Department, This information is summarized in
Appendix 3A,

The Worst Case Analyses made for the ERTS circuits have concentrated on
those parameters most likely to affect the significant performance parameters for the
circuit under consideration, Calculations have been performed by using the Electronic
Circuit Analysis Program (ECAP), the Spectra 70/45 Computer, or the slide rule
method, The calculations shown in the report are detailed enough so that the reader
should be able to follow the computations,
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By definition, a Worst Case Analysis based upon maximum cumulative drift of
the performance parameters gives circuit performance limits that are extreme, Such
deviations from normal performance will not occur under normal circumstances since
the drift of individual drift componenis will most likely be random rather than rein-
forcing, Thus the performance of a typical circuit will remain much nearer nominal
values than those indicated in the Worst Case Analyses,

3.1,2 Stress Analysis, - In the Stress Analysis, the stress levels of individual
components were measured and/or calculated for operating conditions at the Transport
Unit maximum ambient temperature of 46°C and component ambient temperature of 60°C
For those components where initial calculations indicated that performance was near the
maximum derated stress, further calculations were made to ascertain that the derated
limit stress levels were not exceeded, Datawas recorded on Parts Application Data
Sheets, Results of the calculation showing stress values and resulting failure rate were
tabulated for each component on Reliability Data Worksheets presented as a part of this
report, (See Appendix 3B,) Final failure rates for the modules are indicated on the
block diagram in the- Summary Section, For high-relability components, a factor of
1/10 was applied to the failure rate from the tables in MIL-HDBK-217 as a one level up-
grading typical in Established Reliability (ER) specifications,

3.1.3 Fatlure Mode, Effects and Criticality Analysis, - The primary objective
of this analysis was to discover critical failure areas and to minimize susceptibility.
The analysis considered the effect of each component failure on other components and
circuits, In particular, the analysis shows which function of the recorder system is
affected when the component under consideration opens, shorts or degrades in perform-
ance,

The analysis was conducted by consulting a functional or block diagram of each
circuit and assuming the different failure modes of each part, The cause, symptoms and
consequences of each failure on the next higher level and the effect on the capability of
the recorder was then derived,

A classification of the failures and the resulting effects on performance is given
in the summary, The Reliahility Data Worksheets include.the data and the documentation
of the analysis, Block diagrams and schematics that were consulted are included in the
appropriate sections of the report,

3.1.4 Reliability Summary

3.1.4.1 Worst Case Analysis, - The Worst Case Analysis performed on the cir-
cuits in the Transport Unit have been useful in isolating some design weaknesses,
Wherever potential performance limitations were found, remedial action was taken by
slight modification of the original circuit design, In general, modifications of this
type are pointed out in the detailed circuit reviews,
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3.1.4.2 Stress Analysis. - The Stress Analysis has specifically identified the
components with a comparative high stress. These components are listed below for
each of the Transport Unit modules, Although the stress for these parts is higher than
on other components, it is still within the derated levels, and an adjustment to the next
larger size was not required, Such an adjustment could be made for these components,
but the advantage in reduced failure rate is soon offset by increased size, weight, com-
ponent space, etc,

3.1,4,2,1 Failure Rate, - Total Failure Rate for electronic components in the
Transport Unit for record, playback ard standby is given as a summary,

(Failures per 106 hours)

Reecord Playback Standby
Video Record/Preamp 2,188 .954
Video Record/Preamp 2,188 .954
Video Playback Amp . 611
Control Track/Tach Preamp .484
Aux Search Preamp | .835 .835 .835
Motor Solenoid Switch .693 .693 .693
TOTAL = 5,904 4,531 1,528

Neither the MTBF nor the Reliability (Ps) estimate for the record, playback
or standby mode of operation for the Transport Unit will significantly influence the total
recorder reliability because of the small part of the total system electronies being
considered. However, for the above failure rates and a mission time of 1, 000 hours,
the Ps for record and playback is in excess of 99% for the Transport Unit electronics,
Composite failure rates for the total recording system will be inciuded in Volume I,

3.1,4,2,2 Stressed Components (above average), - The following components
are listed as those with a stress ratio above the average value but within that permitted

by the Derating Plan,

153



a) Video Record/Preamp (Preamp)

gr_il__ft;l; Component ?:::i? Ra;ai(icu:(?"e) -
Resistor (Average) .05 . 002
R29 RNRS5C3011F¥P 172 . 0025
R44 RNRS55C3011FP .172 . 0025
R59 RNR55C3011FP 2172 . 0025
Solid Tantalum Capacitors (Ave,) .33 .02
C5 8150547 ) .04
C12 8150547 ) .04
C19 8150547 ) .04
C26 8150547 o5 .04

Video Record/Preamp (Record)

Resistor (Average) .05 . 002
R14 RNR55C2001FP .2 . 003
R18 RLR20C3001JP .30 . 003
R17 RCR200G202JP .4 002
R22 RCR20G201JP . .45 . 003
R25 RCR20G101JP .5 . 004
R28 RCR20G101JP .5 - .004
R32 RCRO7G100JP 4 . 002

Solid Tantalum Capacitor (Ave,) .33 .02

C18 8150547 : 4 . 025



b)

c)

d)

Circuit

Symbol Component
C19 8150547
Transistor (Average)
Q1 JANTX2N3251A
Q2 JANTX2N3251A

Video Playback Amp

g;;‘:;; Component

Solid Tantalum Capacitor (Ave.)}
c1 81 50547
c2 8150547

Control Track/Tach Preamp

Circuit

Symbol Component

Solid Tantalum Capacitor (Ave,)
Cl1 CSR13E186KP

Aux/Search Preamp

Circuit

Symbol Component
Solid Tantalum Capacitor (Ave.)
C22 CSR13C396KP |
Ci1 CSR13E156KP
C33 CSR13E156KP
€34  CSR13C396KP

Stress
Ratio

.63

Stress
Ratio

Stress
Ratio

.33

Failure

Rate (x107%

125

.02

Failure

Rate (x10-5)

.02
.05

.05

Failure

Rate (x10~6)

.02

.07

Failure

_6)

Rate (x10

.02

.075
. 075
075

075
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e} Motor Solenoid Switch

Circuit Component | Stre‘ss Failure- 6
Symbol —_— Ratio Rate (x107Y)
Solid Tantalum Capacitor {Ave.) .33 .02
Cl CSR13G475KP .5 .04
C2 CSR13G106KP .5 ' .04

3.1.4,.3 Failure Mode and Effects Analysis, - The Failure Mode and Effects
for the Transport Unit circuits has shown {hat a failure of any component (short or
open) will cause the loss of some function of the recorder either directly or as a re-
sult of degradation, To determine which functions of the recorder remain, the sche-
matics and functional diagrams were consulted and the resulting performance effects
are indicated on the Reliability Data Worksheets,” No further summary of this in-
formation can reasonably be made until the total systems electronics are considered to
the same specific performance level, At that point, the estimates of performance
modes for different failures will be undertaken,

3.2 Video Record Amplifier

3.2.1 Introduction. - The Transport Unit of the ERTS recorder contains four
video record amplifiers and four video preamplifiers. These are located near the
headwheel panel to minimize lead length between the electronic circuitry and the video
heads, For mechanical reasons, two record amplifiers and two preamplifiers are
mounted on onhe printed circuit board, For reasons of a clearer presentation, the
record amplifier and preamplifier have been separated in the Reliability Analysis.

Since the four record amplifiers are identical, the Worst Case Analysis covers only
a single unit,

3.2,2 Worst Case Analysis. - The ERTS record amplifier has been analyzed
to show that a satisfactory performance iz assured at the end of three years which
includes one year of orbital life and two years shelf life, In order to prove the sound-
ness of the design, a philosophical discussion is presented in the design analysis and

augmented the computer ECAP analysis, A complete schematic diagram of the record
amplifier is shown in Figure 3-3.

As a result of the ECAP worst case dc analysis, all of the fixed carbon "RC"
type 5% initial tolerance resistors, which deviate +25% under the worst case end of
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three years life, have been replaced by the "RL" type with an initial 5% tolerance and
themaximum deviation of +11.2% in the -35°C to +70°C environment at the end of three
years.

Ac and dc analyses of the record amplifier were made using ECAP. The summary of
these results is shown in Figure 3-4 and indicates that all stages are capable of han-
dling the required dynamic range.

Results of the ECAP de analysis (Appendix 3C) are translated from the nodes of ECAP
equivalent circuit to the schematic diagrams of Figures 3-5 and 3-6, which represent
sections of the actual module. This, at a glance, permits an assessment of the blas
variations under the worst case circuit components degradation.

An ac analysis (Appendix 3D) was made to ascertain the phase and the magnitude of the
head current wnder the simulated heat equivalent impedance. From these analyses, it
became evident that linearity of the head current phase depends on the resonances be-
tween the wiring capacity and the effective inductance of the head amplifier and rotary
transformers. Some degree of adjustment upon the output current phase can be achieved
by selection of a capacitor in parallel with R18. Depending on the wiring conditions be-
tween the heads and the record amplifier, the value of this capacitor may be between 40
and 120 picofarads. The final value of this capacitor will be established during Engineer-
ing Model tests.

3.2.2.1 Design Analysis. - In order to simplify the circuit analysis, the record
amplifier is divided into four basic stages. For each stage of the amplifier, the analy-
sis will attempt to show that a sufficient amount of negative feedback has been employed
in the design to minimize A.C. and D.C. gain variations and to achieve a sufficient dy-
namic range stability in spite of the passive component variations.

3.2.2.1.1 Stage #1 Analog Switch - Q1. - Q1 consists of two independent mono-
lytic integrated circuits operating in a transient mode differential amplifier configuration,
and a steady state cascode amplifier configuration.

3.2.2.1.1.1 Transient Mode Consideration. - During the transient mode of
operation, congider Q1 as two differential amplifiers biaged so that one transistor of each
differential pair is conducting (with the base zener biased to 1,4 VDC) while the second
transistor of each pair is essentially biased at cut-off,

As a second condition, let the off transistor (refer to Figure 3-7) of each differential

pair share a common load resisior (R or Ro) with the (on) transistor of the alternate
differential pair. Under the conditions stated above, a positive gate pulse of amplitude
Vg 2 (V1 + V) will reverse the quiescent state of the conducting and non-conducting
transistors. The gate pulse Vg will not appear in the collector load resistor (R; or Ro)
since alternate polarity and amplitude collector pulses share a common RC time constant,
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Te * e,

Figure 3-7 TRANSIENT MODE CIRCUIT

For transistor switching Vg > (V1 + VBE)

<{(¥; - Vgp

Since the base drive impedance is low the operating point stability is not impared
over the temperature range.

3.2,2,1.,1.2 Steady State Cascode Mode Congiderations, - The steady state analog
mode of Q1 which is shown in Figure 3-8 is essentially a cascode amplifier consisting of
the conducting transistor in the differential amplifier pair and its constant current source
with the FM 1V p-p signal injected into the base of the current sink. The emitter im-
pedance (R,) is large compared to the active device parameters r, + 11, 80 that the AC

n

voltage gainis = | AV RI/R4 = R2/R4 where 17&1 =R, = R4

AV

1
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$ R, OR R,

J— Y

> e

RG
SINK

Figure 3-8 STEADY STATE ANALOG MODE CIRCUIT
The DC voltage gain equation (see Figure 3-3) is essentially given by

i (R1 + ng)

Aype =

+
i (R4 + 338) AVBE

Where AVpy = incremental change in base emitter. Since the voltage of the cur-
rent gink transistor, i (R4 + 338) >> AVBE’

then

(R, + R_,)
A = | 289

vDC (R4 + R38)

For the resistor values shown in the complete schematic diagram, the DC gain is
less than unity. Rg is the FM input source impedance = 75 << Ry so that the DC
bias point stability of the current sink transistor is excellent,

Because of the above dc considerations, Q1 can be dc coupled to the following amplifier
stage.
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3.2.2.1.2 Stage #2 dc Coupled Feedback Amplifier Q2 and Q3. - This dc coupled
feedback amplifier consists of Q2 and Q3 in a modified feedback pair circuit. Q2 is an
RCA 3018A four transistor monolytic array in which two of the four devices are gimple
de coupled emitter followers employed to isolate miller capacity while the remaining
two devices form a modified feedback amplifier together with a PNP transistor Q3, A
simplified equivalent circuit configuration is shown in Figure 3-9, The following basic
assumptions are made regarding the active device parameters,

1) r and r ignored due to degeneration

2) ico's ignored due to complementary pair 1st order cancellation effect.

3) Q3 current gain, B3 >>1

The following basic equations may be derived from Figure 3-9.

= +
Vin RE (if icl)
R R
if = ic3 L = B3 ic1
RF + RL RF + RL
(Aidic |
Q3
Re
022 .'.v‘v
— i
Re
i03

Figure 3-9 FEEDBACK AMPLIFIER
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L
Vin_REicl 1+B3 N
L F
R_R
vV = B3ic:l F L
+
RF RL
v B_ic R_+R
_ _ o _ 31 F L >
Gain = AV =V - whenB3 1

For A - A.C.gain, R = R + R_ = total AC emitter impedance of Q21

AC E g '
A, max = R ,/RLAC
A =R_/Z

where Z is common base output impedance of Q22

re+rb(1-c¢)

+
1 RS
Z =T
022 c AT
e b
1+ M
s

rc = ineremental value of resistance of the collector junction.

-t = =
but RS re + rb R14 2K so then
Zo  ~ 1 > 10° = ohms
22 e
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, - 1 - 8,46 _
Apc = RF/Zozz = |R 4/1rc 2X10°/10° = -66db.
From the above analysis, it follows that the D. C. gain is attenuated drastically by the
addition of the cascode amplifier inside the feedback loop which greatly enhances the
amplifier operating point stability.

3.2.2.1.3 Stage #3 Complementary Feedback Pair, Q4 and Q5 - This amplifier
stage is dc coupled to stage #2 and employs an ac feedback loop and choke decoupling
in the collector of Q5 to prevent any dec offset voltage from developing in the output
signal,

The equivalent circuit is shown in Figure 3-10. In this illustration the effects
of re, r, and ic, are deleted from the circuit analysis due to feedback and the cancella-
tion of the icy's. The following equations derived from Figure 3-10:

() ey =i, R,y =€, + R, = e + VbE4

(2) E1 - (B 1c -if) R23

@) E, e, = (ie; #H+H R

1 1

@ e “E, = Bylly ) (Ryy)

18

2

Figure 3-10 EQUIVALENT CIRCUIT OF FEEDBACK PAIR
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Solving and substitution for voltage gain yields:
if =e; /Ry -e,/Rg
Ryg(h = € /Ry /Rig ~2y/Ryo/Ryg
E /Ry ;eofst * it = Bgie

Let o = Rp/Ryg, 0y = Rp/Rjg, @5 = Rp/Ryyy Ry =Ry,

(R,q ic) B, = E, (318/323) +f R

18 18
= E; (og/a) ~e, (o5/e)) + e,/0, ~eo/ey

E; -1 = icy R13 +i R18 +if Rjg

1/B; [Ezoy €, og + 9. % +e e T T

®y o TS L | b T T
e 1 1 + +E
o-[1+__+_a3.]=el[1+__+a2 al] 1 (0'3 . 0!1)
B, B B, B,
When 1/B5 << 1
e (1 + ag/B) = € (L + oy + o) + Vpp (1 + gy + o) E, o o
Bs

1

Voltage Gain = AV aeo/aei = {1 + o + “z)/l + 0,3/35

AV = 1 + cy_l-l-az

AV =
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/R, = 1/R,, + BJ/R,, =
R,- = Ry /a,B, = | R,/B | if B> 10andR,, =1K0
R, = 100Q

3.2.2.1.4 DC Stability considerations Stage #3 - Vin = d. ¢. input to @4 con-
sidered to be constant voltage source due to case #2 d, c. gain equation. Q4 is d.c.
coupled to Q5, but d. c. gain of Q4 =Rgg/Ryg < 1 so that d.c. input to Q5 base may
algo be considered to be a constant voltage source,

For Q5 Rg = (Rg) + Rgo) << Re,' and Ry, = 0 (Choke decoupling so that the
d. ¢c. operating point of the feedback pair Q4 and Q5 will not drift with temperature
appreciably.

3.2.2.1.5 Stage #4 NH0002 Current Amplifier in Series with Q4 and Q5 inside
the feedback loop. - Consider a unity voltage gain current amplifier following Q5 with
the current amplifier inside the feedback loop.

For NH0002 the integrated circuit comprising Q8 and Q9

z, < 10 ~ohm Minimum Output Impedance
f; +100 mA Max, Output Current
AVO = 100 mV Max, Output Offset

BW = 30 MHz Min, Bandwidth
The voltage gain = AV = (1 + oy + o o) is unchanged by the current ampltfier.l

R, = RL/B5 but now R, becomes Z, < 10 ohms

=1z O/Bs = 10/10 = 1 ohm, thus greatly reducing the effective output
impedance of the feedback pair,

3.2.2.1.6 Q6 to Q7 Class B Voltage Regulators - The dc supply voltages to the
output current amplifiers Q8 and Q9 has been reduced to limit dissipation in these
stages to the maximum required for the anticipated peak to peak ac voltage swing (see
Figure 3-11).

A zener reference voltage VR applied to the base of the regulator transistor
determines the maximum de voltage applied to Q8 and Q9, while to de current is a
function of the dynamic load impedance of Q8 and Q9, which is considered to be a
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D¢

Rosg

A
ol Qs

R = Qa+Q9
L‘d.c‘

Figure 3-11 VOLTAGE REGULATOR
varying Class B impedance as a function of signal level. A collector load resistor,
which is bypassed for ac signals, limits the maximum dissipation in Q6 and Q7 while
also providing short circuit protection.

3.3 Video Preamplifier

3.3.1 Introduction - As stated in Section 3.2.1, the video preamplifier is
physically mounted on the record/preamplifier board, This section covers the worst
case analyses of the preamplifier circuit. Four identical preamplifiers are required
for the recorder system. Again only one circuit is analyzed in detail,

3.3.2 Worst Case Analysis - The video preamplifier assembly containg four
tow noise preamplifiers (for schematic, see Figure 3-12). Since all of the preamps are
to perform an tdentical function, only one is analyzed. Relevant analysis, in this case, -
is the frequency response characteristics which in the overall sense affect the S/N
performance of the system, and the available dynamic range. To minimize circuit
noise, low noise figure 2N3572 transistors were used by the designer in the first two
stages of the preamp.

To ascertain dynamic performance of the preamp circuit, an ECAP ac equiva-
lent of the preamp circuit was drawn from which an ac ECAP program was generated
for SPECTRA 70/45 computer (see Appendix 3E). Resulting from the ac program
is a printout of signal magnitude and phase at each of the (13) nodes of the circuit in-
cluding the output. The results of this analysis are plotted in Figure 3-13 and in-
dicates constant gain and linear phase from 40 KHz to 20 MHz. From the ac program,
we see that if the FM signal from the magnetic head during the playback is 4 milli-
volts peak to peak, the required dynamic range of the preamp is (Vin) + G = 80 milli-
volts, p.p. '

The object of the ECAP dc analysis program is to prove that the required
dynamic output range is assured. In order to write a dc computer program, an ECAP
dc equivalent circuit of the preamp was used (see Appendix 3F). 1In this case, the
SPECTRA 70/45 computer was programmed to printout worst case tolerance solutions
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for the dc voltages at all of the circuit nodes of the preamp. The node potentials may
be easily translated into a dynamic range of each of the three transistor stages of the
preamglifier. For easy reference, maximum, nominal, and minimum dc potentials
relative to ground are retabulated next to their designated nodes whose number appears
within the square (see Figure 3-14). Under the worst-worst case conditions, for ex-
ample, the output stage Q3 is assured to accommodate (7,46 - 5. 46) = 2.58 volts peak
and -2, 64 volts peak unloaded. Therefore, ~ 5.0 volt peak dynamic range is possible
without load.

Modifying this number by the load factor of 90 ohm termination on coax, the
dynamic range of ~.60 volts peak to peak is adequate, for only . 08 volts peak to peak
is required.

3.4 Video Playback Amplifier

3.4.1 Introduction - The playback signal derived from the video preamplifier
-requires further amplification before the signal can be transmitted to the Electronics
Unit. For this reason, a playback amplifier is provided in the Transport Unit. The
four output signals from the preamplifiers are combined by suitable gating signals Into
two data channels; one handling the signals from heads 1 and 3, the other from heads 2
and 4. Since the playback amplifier channels are identical, only one channel is analyzed
in detail.

3. 4..2 Worst Case Analysis - The playback amplifier assembly contains two
identical circuits to accommodate FM signals from heads (1-3) and heads (2-4), re-
spectively. It is, therefore, sufficient to analyze only one of the two channels.

Head channels 1 and 3 (connector pins 7 and 5, respectively) are multiplexed
(see Figure 3-15) in time by use of digital control signal appearing at Pin 1 via an inte-
grated circuit analog switch Z1-MC1545, When digital gate signal is "high", Head 3
is "on", and when digital gate signal is "low", Head 1 is "on'.

The switching mechanism,‘ the gain of the stage, the frequency response,' etc.”,
are presented in the MC1545 gpecifications which are included in Appendix 3G. Re-

ferring to Figure 3-15, we shall prove that Z1-MC1545 1s capable of driving the 100
ohms, impedance of the delay line, DL1, up to 15 MHz,

Since the gain of the MC1545 is 184dB, e.g.- X8 (see Figure 1 of Appendix 3G),
the required dynamic swing at the input to DL1 is . 125 volts peak to peak. From

Figure 5 of Appendix 3G, the input impedance created by the shunt capacitance and
shunt resistance of Z2 up to 15 MHz:

Ztn bl R: X 3.5(11.3)

RP +xP 14,8

I

= 2.68 K-Ohms
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The potentiometer R, is nominally adjusted to 1/8 of its total from the ground,
therefore, impedance looking into the DL1 is essentially:

Z (1/8 Ry) (Zyy) 875 2.68)  _ 460 K-Ohms
(7/8 RO+ Zip 3.55

This means that Z1 has to drive not less than (R13 + ZL) = 75 + 660 = 735 ohms.
Referring to Figure 4 of Appendix 3G, we find that MC1545 can drive more than 1.5 volts
peak to peak into a load of 700 ohms. This is more than sufficient for the . 125 volts
peak to peak requirement.

In conclusion, therefore, the design satisfies a frequency range up to 15 MHz.
In a new design, however, in order to accommodate the requirements of the MSS, an
emitter follower Q1 (see Figure 3-15) has been added to drive a 75 ohm delay line (DL1) .
and to satisfy a 22 MHz frequency response. The performance of the new design has
been checked experimentally. No special calculations in the area of Q1 were found
necessary.

Next in the signal path is the FM cosine equalizer (apperture corrector). It
consists of an unterminated delay line DL1 and a differential signal amplifier 22-
MC1545, The frequency response of the equalizer including the equalization adjustment
range has been measured in lab. under the worst case environment and has been found
to be stable.

The FM equalizer stage MC1545 feeds a discrete component circuit Z3, which
is a dual 2N2807. The purpose of this circuit is to match a 75 ohm coax line and to
provide 1.0 volts - p.p. signal drive to the "fill-in' switch of the main equalizer hoard.
Both the AC and DC computer analyses have been programmed and exercised on
SPECTRA 70/45 computer.

‘The results of the computer program, after a minor change of few resistor
values, indicate that the line driver circuit meets all of the specified requirements
under the worst case tolerance deviation.

As previously, the ECAP AC program was generated from the AC ECAP
equivalent circuit which is shown in Appendix 3H. The results of AC analysis are
plotted in terms of gain and phase vs. frequency in Figure 3-16 which shows a constant
gain from 10KHz to 20MHz, and a linear phase in the same frequency range. This
means that the line driver circuit meets a criteria of constant group delay.

To show that the line driver circuit will be capable to accommodate 1.0 volt
p.p. at its output, a DC computer program was derived from the DC equivalent circuit
shown in Appendix 3I. The first computer run using the original circuit component
values showed a dynamic range deficiency on the negative signal excursion. Changing
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The potentiometer R, is nominally adjusted to 1/8 of its total from the ground,
therefore, impedance looking into the DL1 is essentially:

_ (/8 Ry) (Z,) _ .875 (2.68)
L (/8 Ry)+ 2. . 3.55

Z .660 K-OHMS

This means that Z1 has to drive not less than (R13 + ZL) = 75 + 660 = 735 ohms,
Referring to Figure 4 of Appendix 3G, we find that MC1545 can drive more than 1.5
volts peak to peak into a load of 700 ohms. This is more than sufficient for the .125
volts peak to peak requirement.

In conclusion, therefore, the design satisfies a frequency range up fo 15 MHz.
I a new design, however, in order to accommodate the requirements of the MSS, an
emitter follower Q1 (see Figure 3-<15) has been added fo drive a 75 ohm delay line
(DL1) and to satisty a 22 MHz frequency response. The performance of the new design
has been checked experimentally. No special calculations in the area of Q1 were found
necessary. :

Next in the signal path is the FM cosine equalizer (apperture corrector). K
consists of an unterminated delay line DL1 and a differential signal amplifier Z2-
MC1545. The frequency response of the equalizer including the equalization adjustment
range has been measured in lab. under the worst case environment and has been found
to be stable.

The FM equalizer stage MC1545 feeds a discrete component circuit Z3, which
is a dual 2N2807. The purpose of this circuit is o match a 75 -ohm coax line and to
provide 1.0 volts - p.p. signal drive to the "fill-in" switch of the main equalizer board.
Both the AC and DC computer analyses have been programmed and exercised on
SPECTRA 70/45 computer.

- The resulis of the computer program, after a minor change of few resistor
values, indicate that the line driver circuit meets all of the specified requirements
under the worst case tolerance deviation.

As previously, the ECAP AC program was generated from the AC ECAP equiv~
alent circuit which is shown in Appendix 3H. The results of AC analysis are plotted in
terms of gain and phase vs. frequency in Figure 3-16 which shows a constant gain from
10KHz to 20KHz, and a linear phase in the same frequency range. This means that the
line driver circuit meets a criteria of constant group delay.

To show that the line driver circuit will be capable to accommodate 1.0 volt
p.p. at its output, 2 DC computer program was derived from the DC equivalent circuit
shown in Appendix 3I. The first computer run using the original cireuit component
values showed a dynamic range deficiency on the negative signal excursion, Changing
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R24 from 1.0KS + 10% (initial tol,),to 750 ochms, and changing the R25 from 75 ohms

+ 10% to 75 ohms + 1% (initial tol,) resulted in a sufficient dynamic range (see modified
_ DC program pgs. C6 and Figure 3-17 which recapitulates the results of the worst case
DC node potentials. )

3.5 Control Track/Tach Preamplifier

3.5.1 Introduction -~ The purpose of the control track preamplifier is to switch
the control track head to its record amplifier (in the Transport Unit) during the record
mode and to the preamplifier during the playback mode. The purpose of the tachometer
preamplifier is to process the low level signal derived from the capstan tachometer
pick-up. All signals will be amplified to a sufficient level for transmittal to the Elec-
tronic Unit.

3.5.2 - Worst Case Analysia - The circuit and performance requirements of the
control track/tach preamplifier are essentially identical to the search track preampli-
fiers. For this reason, a single Worst Case Analysis has been made which is covered
in Section 3.6, 2.
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3.6 Auxiliary/Search Preamplifier

3.6.1 Introduction. - The purpose of the auxiliary channel preamplifier is to
switch the auxiliary head to its record amplifier (in the Transport Unit) when the cir-
cuit is in the record mode, and to the preamplifier when in the playback mode, The
purpose of the search track preamplifiers is to amplify the playback signals derived
from the two search track playback heads. In all cases, the signal levels must be

. amplified to a sufficient level for transmittal to the Electronic Unit.

3.6.2 Worst Case Analysis. - The Worst Case Analysis for the auxiliary track
and the search track preamplifiers are shown in the subsequent sections. Since the
control track/tachometer preamplifiers are essentially similar to the search track
preamp, the following analysis also covers these circuits,

3.6.2.1 Auxiliary Track Preamplifier. - The playback preamplifier is to be
capable of processing FM voltage signal from the pick-up head ard to amplify it suf-
ficiently prior to FM limiting in the subsequent limiter; First, the frequency restric-
ting parameters of the design are checked (see Figure 3-18 Aux Preamp
Schematic),

3.6,2,1.1 Low Frequency Poles

1
e —— 2 = 320
h = 37 o3 nes Hz

f o= — 1 _ _ 1, 59kHz
2 27 C28 R33

3.6.2.1.2 High Frequency Poles

e - 1 1
1= - -12 -
27 (51) 10 “ (21.5) 10

143 kH2

2 C27 R31 3

1
2 2w C32R36

—ry
i
1]

T4 kHz
27 10719 (2.15 x 107%)

The open loop lag compensétion of the Z5 is at:

1
£ = - 4.7kHz
Lo or @™ 3.ax 1079
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The closed loop gain of each Z5 and Z6 (see Figure 3-8) is:

G- 1+(§g;)= 22.5 = >27dB

Projecting to 27 dB at the rate of 20 dB/decade the f1,, = 470 kHz, A similar
consideration is applicable to Z6. Thus the high frequency cutoff is primarily due to a
pole at 74 kHz and 144 kHz, The 2. 8 kHz to 34 kHz bandwidth of the playback subsystem
is considered to be more than sufficient for a faithful discrimination of the auxiliary
track frequency modulated signal assuming that the phase equalization and its linearity
is not a factor. With a maximum signal input of 4 millivolts peak to peak and with the
overall preamp gain of 54 dB, the output delivered to the limiter is 4X(505) or 2,0
volts peak to peak, The output of Z6 with R37 = 2K ohms is capable of delivering 3.5
volts peak to peak into 500 ohms load, Therefore, a sufficient undistorted signal
drive capability is provided.

3.6.2,2 Search Track Preamplifier. - The search track signal preamplifier is
used to amplify and band limit the pre-recorded search track signal representing
digital information about a position of the tape. This circuit is located in the Transport
Unit and thus is also used to prepare this signal for transmission to the Electronics
Unit. The preamplifier consists of two pairs of integrated circuits, Each pair is used
to accommodate an output originating from the two magnetic heads, one for search
track '"1", the other for search track '"0". Since both systems are similar, only one
of the preamp pairs (Z1 and Z2) shall be discussed., A schematic diagram of the
preamplifier is shown in Figure 3-19,

3.6.2.2.1 AC Considerations. - The high frequency response is limited by
two poles, Number one pole which is associated with the Z1 is located at:

f-— 1 _ . 1 - 145 KHz

1 2rR3CS o 215 51y 1070

and the pole number two associated with Z2 is located at:

1
£ = - 1 = 74 KHz

2 R Cpp 2p 15 100y 107

Thus the bandwidth of the input preamp is sufficient to accommodate the 10 kbs search
track signal which will be present during the high speed tape winding, Reducing the
high frequency cutoff point may be desirable in consideration of the tape signal to
hoise ratio,
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The low frequency rolloff is primarily at:

f = 1 = 1 = 160 Hz

1 27 R7C6 20 (10 3) (0 6)

The ac coupling in this case may be appropriate since it tends to reduce low
frequency drift, The inband gain of the two integrated circuits Z1 and Z2 is:

2
G =[1 +311:35-] = 40 log 22.5 = 54 db

Since the thresghold detector which will be analyzed subsequently is respon-
sive to a rather small input signal differential, it may be desirable to reduce the
gain of the preamplifier in order to improve the output signals to noise performance,

3.6.2.2.2 DC Considerations, - The low frequency drift in the output stage of
the preamplifier may cause a false decision by the threshold detector which is located
on the search track playback module, Since there is no provisions for the preflight
adjustment of either the threshold level or the output dc levels worst case output bias
shail be computed from the equivalent circuit shown in Figure 3-20,

1.0pf +1d _
z2 Vo
' A A2 -®
R6
= = vy

RIO

Figure 3-20 OUTPUT BIAS EQUIVALENT CIRCUIT
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AVo = AVd [1 + —%1-62]:1: Ald R10

AVd = AV (initial) + A VA (temp.)

AVd = £2,0mv +.,02mV/°C (#35°C) = £ 2.7 mV
Ald = AId (initial) + AId (temp.) |

Ald = £2.0ua+20NA/°C ( +35°C) = +2.7ua

AR, = .05 (EOL + TEMP)

-

Thus:

21,5 (1 +.05)
1.0 (1 -.05)

AVo = 22,7 [1 + ]i 2,7 (21,5 (1+.05 = 127 mV

The calculated worst case offset may or may not be of any serious consequences.
Its effects upon duty cycle of the recombined search track output signal shall be evalu-
ated in conjunction with other worst case causes in the analysis of the Electronic Unit,

3.7 Motor/Solenoid Switch

3.7.1 Introduction, - The purpose of the motor switch circuitry is to switch
the output of the motor bridge circuits to the start/run and high speed/low speed wind-
ings of the various motors in the Transport Unit, These switches are located in the
Transport Unit so that the number of interconnecting wires between the two units can
be held to a minimum,

The purpose of the solenoid switch circuitry is to control the pull-in/hold coils
of the shoe solenoid. All of the above circuits are housed on a separate subassembly
that is hard wired into the Transport Unit. Several resistors are also provided to
process the telemetry signals for the temperature, pressure and footage transducers,
The Worst Case Analysis for this subassembly is divided into two sections; the first
covering the solenoid switch circuit, the second covering the motor switches,

3.7.2 Description of Operation,

3.7.2.1 Solenoid Switch, - The solenoid switch circuit controls a solenoid
which in turn is mechanically coupled to a concave shoe that holds the magnetic tape
-against the headwheel during recording and playback, A spring automatically releases
the solenoid in the event of power failure, and a number of auxiliary circuits provide
additional protection against tape damage by continuously monitoring the capstan speed,
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Referring to Figure 3-20, the solenoid switch circuit may be separated into
three distinct functions: one; the relay timer, which consists of relay K7, represented
by inductor L1 and its normally open (NO) and normally closed (NC) contacts and R1,
C1; two; the solenoid driver consisting of transistors Q1, Q2 and Q3 and the solenoid
L2 and its transient suppression diode CR15; and three; the solenoid hold circuit,
shown as L3 and its transient suppression diodes CR14 and CR17, The relay timer
.is used to establish the solenoid pull-in duty cycle by turning off the transistor driver
when the voltage across Kl decreases below the relay drop-out voltage, Activation of
the solenoid pull-in driver and hold coils is initiated by the shoe control signal, V;.
As shown in Figure 3-20, hold coil L3 is immediately energized, while the turn-on
of @1, Q2, and Q3 is dependent upon charging of R2 and C2, This RC delay (which
incidentally avoids the inductive loading effects of Q3) is included in the circuit design
primarily to comply with system power supply current step requirements, Therefore,
the voltage across the pull-in coil, Vg3, essentially follows the output of Q1 up until
Q1 saturates, Clearly, whether or not Q1 saturates, depends on the driver gain and
the relay timer drop-out time,

3,7.2.2 Motor Control, - The motor control circuit consists of relays K1, K2,
K3, K4, and K6, which are used to switch power bhetween the start/run windings of the
capstan, headwheel, and Iy motors, The relays also select the high speed/low speed
windings of the capstan motor. K1 controls the Iy motor, K2 and K3 the headwheel
motor, and K4 and K6 control the capstan motor,

3.7.2.83 Telemetry. - In addifion to the solenoid driver and motor control
relays, the Transport Unit contains several resistor divider networks, R9 through R15,
for various Telemetry (TM) functions,

3.7.3 Solenoid Switch Analysis, - To guarantee reliable shoe control, the relay
timer and solenoid driver operating requirements must be defined.

3,7.3.1 Relay Timer, - The relay timer should be designed to provide suffi-
cient time to energize the pull-in coil while simultaneously limiting unnecessary power
dissipation and possible complete destruction of the solenoid coil, The minimum ON
time must be equal to or greater than the worst case maximum time required to
achieve minimum allowable pull-in force, Conversely, the maximum ON time must
be equal to or less than the pull-in coil's maximum allowable period of continuous
operation, Also of interest to the designer is the power dissipated by the solenoid
driver transistor Q3.

3.7.3.2 Solenoid Driver, - Since the solenoid pull-in force varies with tem-
perature, the worst case minimum current gain of the drive circuit must be adequate
to energize the pull-in coil under the coil maximum current requirement condition,
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In order not to exceed the power supply current step limitations, the pull-in, turn-on
time must be delayed. However, this delay should be kept at a minimum in order to
reduce the time the transistor is in an active region thereby minimizing power dis-
sipation, Transistors which exhibit low leakage characteristics must be gelected to
eliminate the possibility of thermal runaway.

3.7.3.3 Summary, Solenoid Switch, - An initial Worst Case Analysis of the
solenoid switch resulted in a number of recommendations which were incorporated
into the revised network,

3.7.3.3.1 Preliminary Analysis, - Initial Worst Case Analysis of the solenoid
switch revealed several points of weakness in the preliminary design. The circuit
did not contain sufficient drive capability to provide the required pull-in force under
worst case conditions, In addition, the driver turn-on time was excessive, compared
to the relay timer minimum ON time, permitting the possibility of driver cut-off
before the minimum required pull-in force has been achieved,

3.7.3.3.2 Revised Network Analysis, - Worst Case Analysis of the solenoid
switch circuit containing the recommended component changes has shown that reliable
operation will be achieved for worst case temperature and ageing conditions, The
calculated minimum hpp requirement of Q3 at 0°C is 33 as compared to the minimum
available gain of hpg = 35, Also, the minimum hyg's of Q1 and Q2 exceed the worst
case circuit requirements. The minimum developed solenoid pull-in force is 4,75 lbs,
vs a required minimum of 4.5 1bs, The minimum solenoid turn-on time is 4, 5 ms vs
a minimum requirement of 3 ms, and the maximum turn-on time is 33 ms which is
well within the relay timer minimum ON time of 41,5 ms, The maximum average
power dissipation of @3 is 1,7 watts, resulting in a junction temperature of 90,7°C
vs an allowable junction temperature of 110°C, The junction temperatures of
Q1 and Q2 are also well within permissible limits, The thermal disgipation of Q3 is
2.5 mW/° C which is much less than its thermal dissipation factor of 28 mW/°C, thus
ensuring considerable stability against possible thermal runaway, Over the tempera-
ture range of operation, the thermal currents of Q1 and Q2 are negligible. Worst
case minimum holding force is 4, 8 lbs. vs the specified 4. 5 1bs. minimum, In addi-
iion, the maximum continuous hold voltage is.27V vs a maximum allowable of 30V,

3.7.3.4 Detailed Network Analysis, - The solenoid switch schematic showing
the recommended values of R2, R6 and C2 is shown in Figure 3-20, The following
analysis is based on these values and also on an assumed minimum hpgp=35 for Q3,

Minimum hpy, for Q3 will be assured by specifying this parameter in the specifica-
tion Control Drawing,

188



' 3.7.3,4.1 List of Symbols.

Transistor Parameters

v c’ VE’ VB - de voltages at collector, emitter and base, respectively,
VBE - Base to emitter voltage,
v CB - Collector to base voltage.
\'} CE - Collector to emitter voltége.
1 _ - Collector cutoff current, emitter open,
CBO
IC’ ]'E’ IB - dc currents in collector, emitter and base leads,
respectively,
hFE - Static value of the forward current transfer ratio (common
emitter).
a N - Small signal common base forward current transfer ratio
‘ from emitter to collector,
Diodes
iD -~ Forward current,
Coils
RL - Winding resistance.
Notes

a. Symbols including an n refer to specific part numbers,
b. An overline indicates a maximum value, |
¢. An underline indicates a minimum value,
3.7.3.4.2 Analysis Criteria, - An ambient temperature range of 0°C to 60° C
over a 10,000 hour lifetime was used for component and parameter derating, The

power supply and shoe control signal ave -24, 5+2% Vde, with current step and tran-
sient limitations given in system specifications. For purposes of duty cycle
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computations, & minimun period of 2 seconds was used. This is approximately the
minimum recycling time and is dependent upon the limitations of a series of system
protection circuits. Coil resistance variations as a function of temperature were
determined linearly using the temperature coefficient of copper. When derated tran-
sistor parameters were not defined in manufacturer’s specifications, the derating
factors shown in Appendix 3J were applied. These parameter derating rules are con-
sidered to be conservative and have been generally accepted for worst case circuit
design. Appendix 3J also contains a summary of resistor and capacitor derating
factors and the computed limits for all the components used in the sclenoid switch cir-
cuit. Appendix 3K contains detailed worst case calculations.

3.7.3.4,3 Relay Timer Analysis, - As shown in Figure 3-20, the relay
timer consists of R1, C1 and relay K7. When the shoe control signal, Vy, is applied,
the relay is initially energized and remains ON until the charge on C1 reduces the
voltage across the relay coil below its minimum drop-out voltage,

To compute the relay drop-out time, let Vo equal the charge on C1, Then the
voltage across the coil may be written as:

R
Ll
v = ———— (V, -V)) (1)
L1 Rl + RLl 1 2

where

RLI = relay coil resistance

Neglecting the inductive time constant, which is very small compared to the
RC time constant, and also neglecting the capacitor low leakage current, then when
equation 1 is substituted in the exponential function for a charging capacitor, and
solved for time, the relay ON time is given by:

vy By (2)'
. T - ® +R )C L,
ON 1 L1" "1 Ll l+ RLI)

Since the relay drop-out voltage is extremely sensitive to changes in temper-
ature, the worst cage ON times will occur at 0°C and 60°C, where Vy; is given as
1.0%V and 4,9V, respectively. Therefore at 60°C minimum Tgy is given by:

V. R
T 1 11

wﬂq_(R+R1)ClLt1?———-——R1EL.l (3
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Using the values of Appendix 3J, minimum Ton = 41.5 ms, Similarly for
maximum Teyy, equation 2 is: .

. vy By
Ton = By * R & Iy v U ® 4

——

F

(4)

=<}

Ll)
and substituting the worst case component values in equation 4, maximum ToN= 141 ms.

3,7.3.4.4 Solenoid Driver Analysis, - The solenoid driver, shown in Figure
3-20, is a three-stage transistor amplifier, When the shoe control signal (V1) is ap-
plied to the circuit, the solenoid hold coil is immediately energized, However, the
solenoid pull~in current increases proportionately to the charge on capacitor C2 until
the operating point of Q1 reaches the saturation region. Once Q1 saturates, the pull-
in current is constant throughout the relay timer ON time, Driver turn-off occurs
when relay K7 de-energizes, shorting the base of Q1 to ground through R3, The turn-
off time, essentially R3C2, is negligible compared to the turn-on time R2C2, Once
the solenoid is pulled-in, it is kept energized by a small holding current in coil L3
until the shoe control signal is interrupted. In general, transistor and diode leakage
currents may be neglected in the bulk of the following analysis due to the fact that
silicon components have been specified.

3.7.3.4.4,1 Region of Operation, - In order to determine the regions of tran-
sistor linear and nonlinear operation, the time required for Q1 to saturate must be
calculated, Neglecting capacitfor leakage current and transistor base current, which
are very small compared to the instantaneous charging current, the rise time of Q1
takes the form of:

T =RC, Ln ———— (5)
22 V- Vo

From Equation 5, the minimum turn-on time is:

Y
T =R,C, Ln m - (6)
where:
V.. =1 R_ +V, (7
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Using component values at 60°C, for comparison to the relay timer minimum
ON time, and solving the above equations, the minimum rise time of Q1 is
T=24.5 ms, Similarly, for the maximum turn-on time of Q1, Equation 5 becomes:

— = vl
T =R C_Ln B (8)
2 2 vl VBI
where:
VBl = IE_'-!-.R5 + V_B_E_l (9)

Using component values at 0° C, for comparison to the relay timer maximum
ON time, and solving the above equations, the maximum rise time of Q1 is:
T = 63 ms. When the above turn-on times are compared to the relay timer ON times
of T=41, 5 ms and T=141 ms, it is apparent that the timer ON time is sufficient to
permit transistor operation in the saturation region, Therefore, in the Worst Case
Analysis, Q1 and Q2 may be considered to saturate during pull-in,

3.7.3.4.4.2 Drive Requirements, - To ensure that worst case pull-in force

will be adequate, the transistor minimum allowable hpp's must be established.
Beginning with Q3, from Figure 3-20, the current gain may be determined from:

Veoe "2 %6 " Vore * VBES +(153 * lsz) Riso (10)

substituting for I‘EZ and solving for h

FES’' the result is;
W - *xs k3 *1cpos s

FE3 I @b
o [v ‘(cb03 _VBEs +ICB02)R vy -v@ - :)” ]R
N2| cc OnFiNe R7aN2 o/ 68 CE2 E3 'E¥ R7 L2

Now, f
ow orthehFE

3 I‘equired, let

_ 0o L
h =_.N3_IE3 (12)

F
B3 Ips

Or, calculate the hyp required when Iy is maximum and Ip available is minimum,
which is equivalent to specifying the minimum allowable hpp for Q3. Since the cofl
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resistance decreases with temperature, Igg will he maximum at 0°C. By specifying
the solenoid voltage requirement, maximum Q3 emitter current may be written as:

T - VE3 _ VBE3 (13)
E3 RLZ R7

where

It

VES

Neglecting Icgo at 0°C, and substituting worst case parameters into
Equation 11, results in a maximum hpgps requirement of 33 compared to the specified
hFE3 = 35 at 0°C.

solenoid voltage.

In a similar manner, the hpp requirements of Q1 and Q2 may be determined.
From Figure 3-20, for Q2, the emitter current is given by:

]EZR + V IR’? R7 + I RL2 (19

and, maximum I]32 required is:

i = IEZ
B2 hF_E-z-

(15}

However, for the required pull-in, maximum Igo = 162 mA. Using the
minimum hpgg specified at 0°C, or hggo = 53, maximum required Igs =3 mA. To
determine if Q1 is capable of delivering Ips, Q1 currenis may be computed from:

T IgiBs * Vopr * Oyt By (16)
Now solving for miniénum available LE 1

I = Voo ~ Topo1 ~ B2 __R4
Ei T R_+ R,
5 ¥N14

VeEL | (17

Or, at 0°C, again negleeting Ivpp, and assuming Igo =3 mA, IEl =17.2 mA, from
which:

I_C_],- = c‘Nlllﬂ = 17 mA | (18)
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And, since:

Icy = Tpa ¥ Ip

Clearly, I

‘o1 is sufficient to drive Q2 for 1B2 =3 mA.

For Q1, maximum lBl required occurs at maximum IEl’ or

_ &

G “hepy

(19)

Then using the above results for worst case pull-in, maximum required
IE1 17.2 mA. And since worst case speclfled hFEl 60, then from Equation 19,
Tg1 =0.29 mA. Now, since:

b1 = ke o2 (20)

where:
1 a2 " Capacitor charging current

and
I _ vy = VBE1™ VEL 21
R2 R, 2]

Then, for the above conditions, IRs = 1.5 mA, which is sufficient to drive the
maximum possible requirement of IBl = 0. 29 mA.

It is evident as a result of the above analysis that the revised solenoid driver

is capable of supplying the required pull-in current under worst case transistor hFE
conditions.

3.7.3.4.5 Pull-In Force. ~ The solenoid pull-in force is directly proportional

to the coil current, Ijo- Neglecting thermal current and bias resistor R7, IL2 = IE3'
Then Equation 10 may be written as:
= +
2B * Vegs T Vaes *les Brs (22)
since:
'Es '
g *n 23)

FE3
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Then solving the above equations for I 3 and substituting worst case values
at 60°C, where the coil resistance is maximum, minimum Ig3 = 3.6 A. This current
results in a minimum pull-in voltage of 21.4V. When translated to the manufacturer
specifications, the pull-in voltage is:

v
P-1atT°C
Ve ————— 24
v P-I at 25°C B 24
0
where:
Rc = Temperature correction factor

Or, for the above value, minimum pull-in voltage is 18. 5V, which is equivalent
to 4.75 1bs. force., This exceeds the minimum allowable pull-in of 4.5 lbs,

Since the maximum pull~in voltage is limited by V,, = 27V, it is not possible
to exceed the maximum allowable solenoid voltage of 30V.

3.7.3.4.6 Switching Time. - Since the L2 inductive time constant is less than
1 ms, the solenoid current rise time and fall time are dependent mainly on the chargmg
and discharging of capacitor C2.

3.7.8.4.6.1 Minimum Turn-On, -~ The minimum rise time for the maximuin
current step must be determined for comparison to system minimum allowable limits.
Neglecting the Q1 base current, which is small compared to the C2 charging current,
the circuit minimum turn-on time is given by:

R C_ Ln 1
r =42 — | (25)

Vg1 will be 2 minimum for Ig] minimum, and Ig, will be minimum when all
hFE's are maximum, thus requiring minimum drive., Since hpgp's are maximum at
60°C, drive currents will be computed at 60°C, Neglecting thermal currents, Igg =
3.8 A and Vg1 =5.47V. Now, from Equation 25, T = 4.5 ms which clearly exceeds
the 3 ms system rise time requirement for a 3.8 A step.

3.7.3.4.6.2 Maximum Turn-On. - The maximum turn-on time required must
be calculated to insure that the solenoid switches to its hold condition before the relay
timer drops out, cutting off the drive circuit. Maximum turn-on is given by:

T =R, C, L —=—"F" (26)
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Vg1 will be maximum when I, is maximum, which occurs during the
maximum drive condition, or at 0°C. When the current drive equations are evaluated
for maximum pull-in, Igg = 5.7 A and from Equation 26, T = 54.5 ms, which is
greater than the minimum relay timer ON time of 41.5 ms, resulting in drive cirouit
cut-off before the solenoid is fully energized. Therefore, to insure sufficient pull-in
force, the time to reach the minimum allowable pull-in force of 4.5 lbs. must be
considered. The alternate, but less desirable solution, would be to increase the
minimum relay timer ON time. Using the former approach from the manufacturer's
specifications, 4.5 Ibs. pull-in at 25°C is equivalent to a coil voltage of Vg3 = 18V,
and correcting for 0°C, required VE3 = 16.2V. Using this condition, Ipg=4.1 A and
Vpy = 16.64V. Solving Equation 26, T = 33 ms, which is well within the minimum
relay timer ON time to provide the required pull-in foree.

3.7.3.4.6.3 Turn-Off. - Driver turn-off is primarily of interest in the
caleulation of transistor power dissipation during switching. Neglecting the small
transistor emitter and collector capacitances and storage times, the driver turn-off
may be written as:

v
_ _Bl
T =R, C 1,3 @7
¢
where:
Ec = Capacitor charge at time =T

Solving Equation 27 for one time constant at 60°C, T = 4.27 ms and at 0°C
T =1.49 ms.

3.7.3.4.7 Transistor Power Dissipation. - Maximum power dissipation will
be calculated to determine whether the transistors are operating within their specified
maximum ratings and to estimate their maximum junction temperature for purposes
of reliability evaluation,

3.7.3.4.7.1 Junction Dissipation. - In general, power dissipation during
transistor switching takes the form of;

P=P(t ) + Pt ) +PE_ ) +P_) (28)
where:

toff = OFF time

toy = ON time
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t Turn-on time

swl

Turn-off time

t"sw2

Assuming a linear rise time, the energy dissipated during a switching interval
is:

1 V.. (OFF)t_
W - c CE sSwW ©(29)

.. 6

Neglecting tgw OFF, which is small compared to the maximum turn-on
time, and storage and delay times, then combining Equations 28 and 29, the average
power over a complete cycle is:

O
~Ver ©ON Liton* Vo OFP Ioggtorr, Yor 9 % fow 50

Pavg - T 6T

where:
T = Switching Period

Due to system protection and recycle requirements,the minimum switching
period is given as T=2s.* Since the relay timer maximum ON time is 141 ms, the
- driver maximum operating period is given by:

t +t_ = 141ms (31)
on sW

From Equation 30, it is clear that maximum dissipation occurs for tows Eons
Ic, Ve ONy* Ico: VCE (OF Moreover, the worst case mode of operation is at
60°C, and maximum Payg w1lﬂ)e computed at 60 °C.

3.7.3. 4 7.1.1 Q3 Dissipation, - Assuming maximum Vagg (ON) results for
Veocs VBES, VCE2+ hFE3 (equivalent to Igg) and 103 results for RL2, then when
Equation 11 is solved for I'E the result is:

= +(ICBO3 _VBEs Jcrsoz)h_v v
B ce \aN, o, "R aXN, " aXN, ) Z6” 'LE2” 'BES
I = (32)
E3
Ryp * oN; R
BrEs®Ny

* Typical operating cycle is 25 sec resulting in a corresponding reduction in
average power and junction temperature.
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substituting worst case parameters and component values, at 60 °C, I’E =4.72 A,
Io3 =4.62 A, Vg3 = 22.5V and Vogsg = 2.5V. From Equation 26, the maximum
turn-on time at 60°C is tsw = 39 ms. Then, substituting tsw into Equation 31, tON“‘
102 ms, and since:

torr =~ T~ Con * tew! (33)
then,

tOFF = 2-.144 = 1.86 S
When the above values are substituted into Equation 30, P Q3 1L.7W,

3.7.3.4.7.1.2 Q2 Dissipation, - Following the above procedure for Q2, VCEZ

.41, and Icz ON = 110 mA. Then, evaluating Equation 30, PQ2 =11.3 mw,

3.7.3.4.7.1.3 Q1 Dissmation - Similarly for Q1, VCE ON =8V, and 101
ON =12 mA When Equatlon 30 is evaluated, PQl 5.9 mw,

To determine the maximum allowable transistor power dissipation, the
maximum junction temperature must be calculated.

3.7.8.4,.7.2 Junction Temperature. - Transistor operating junction
temperature without a heat sink is given by:

TJ = TA + BJ-APT (34)
where:

93-a~ %c " Bcoa
and:

GJ_ AC Thermal resistance from junction to free air (°C/W)

6;_o = Thermal resistance from junction to case (°C/Wy

8 C-A= Thermal resistance from case to free air (°C /W)

TA = Ambient temperature (°C)
Ty = Junction temperature (°C)

' PT = Transistor average power dissipation (W)

198



Since the duty eycle of Q3 involves pulses of power dissipation occurring over
a period of time much less than the transistor typical thermal time constant (T jc=
165 sec), then the junction temperature rise is governed by the average, rather%la.n
the instantaneous power dissipation. Thus, for Q3, at Ty = 60°C, using nominal
thermal resistances and P = 1.7 watts, the maximum junction temperature is Tj =
119.2°C,

“Similarly, for Q2, T, + 62,12°C, and for Q1, T, = 62.58°C. Since the ERTS
system maximum allowable transistor junction tempeiiature is 110° C, a heat sink was
required to reduce the junction temperature of Q3.

The Q3 heat sink is 6.6 sq. in. of copper clad circuit board. If the effects of
heat convection are neglected due to zero gravity and the heat sink is isolated,
preventing conduction, then heat transfer from the heat sink is entirely due to
radiation. When the area of the heat sink is much smaller than the area of the sur-
rounding surface, the radiant heat transfer in BTU/hr. is given by:

Q = A1 elcr (Tl4 - T24)
where
Al = heat sink area (ftz)
e, = emissivity (approximately 0.8 for unpolished copper)
¢ = Stefan-Boltzman constant (0.173 x 10-8 BTU/hr. —ft2 -R4)
'I‘1 = temperature of last sink (°Rankine)
T 9 = temperature of surrounding surface (°Rankine)

Since the heat sink is copper, which has a high conductivity, it may be assumed
that the temperature of the heat sink is uniform, and that its temperature may he
calculated for a given heat transfer. Then solving the above equation for le

1/4

Q +A1 e1 o T24
T e (35)

Substituting worst case values into Equation 35, T = 650°R or 87.5°C. Now,
for a heat sink mounted transistor, the junction temperature is:

TJ = TC + (BJ_C + eC-S) PT
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where

e C-8 = thermal resistance from case to heat sink

For a mica insulator, 8 ¢_g = 0.5, and evaluating the above equation, 71‘-,] =
90.7°C. For the above temperatures, the power ratings are as follows:

JUNCTION MAXIMUM MAXIMUM
DISSIPATION TEMPERATURE RATED POWER ALLOWABLE POWER)|

Q1 9.9 mw 62.58°C 200 mw 210 mw
Q2 11.3 mw 62.12°C 550 mw 330 mw
Q3 L.TwW 90.7°C 126 W 8T W

Comparing the above values indicates all the transistors are operating within
their allowable power ratings.

3.7.3.4.7.3 Thermal Stability. ~ To avoid thermal runaway due to thermal
regeneration, the rate at which junection heat is released as the junction temperature
increases must not exceed the raie at which power can be dissipated. This may be
expressed as follows:

< 5 (36)
j J-A

where P, T; and 8 J-A are defined in Paragraph 3.7.3.4.7.2, Assuming current flow
in the cut-ofi‘ region is primarily due to thermal current, this rate of change of power
dissipation is:

AP

T .
ar, "~ Ve Aepo 67
assuming: |
_ 0%
&lbo = 7T (38)

Then, for Q3, maximum
Alcbo = O.OICMA
And substituting into Equation 36, the result for Q3 is:

2.5 MW < 28,8 MW
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In a similar manner, for Q2,
Acho =.,032 MA, and BJ—A = 188,
and from Equation 36,

L0007 MW < 5.3 MW
Also, for Q1,

AchO =.032 yA, and eJ-A = 438

and from Equation 36,
L0007 MW < 2,3 MW

Clearly, from the above inequalities, the temperature stability of transistors
Q1, Q2 and Q3 is sufficient to prevent thermal runaway.

3.7.3.4.8 Hold Circuit. - The hold circuit consists of inductor L3 and clamping
dicdes CR14 and CR17. Of primary interest in the hold circuit analysis is the minimum
available holding force, maximum turn-on fime and maximum power dissipation.

3.7.3.4.8.1 Holding Porce. - Since holding force varies inversely with
temperature, minimum force will be developed at 60°C. Using the manufacturer's
specifications, holding force at 25°C for minimum Vg, = 24V is 6 +10% 1bs. Dividing
by the temperature correction factor, Ry, = 1.13.

Force = 4. 8 lbs.

Maximum holding force oceurs at Voo = 25V, 0°C, Again, from the manu-
facturer's specification, at 25°C, the holding force = 6.4 £10% lbs. Correcting for
temperature, for R c =" 9.

Force = 7.8 lbs.

Since the minimum allowable holding force is 4.5 Ibs. vs the minimum
developed force of 4.8 lbs., the worst case holding requirement will be satisfied.

3.7.3.4.8,2 Rise Time. - The build up of holding force is limited by the
inductive time constant, expressed as

T = L/R
Or, the maximum time required to achieve 63.2% of the maximum holding

force of approximately 4.9 Ibs. at 0°C is:

T =R—L— = 0,27 MS
=13
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To calculate the minimum pull-in time available at 0°C, let
T (Pull-In ON)=T(Relay Timer ON) - T (Pull-In Turn-ON)  (40)

which yields the minimum pull-in ON time of 8.5 ms. Or,the quiescent pull-in
force can be considered to be present long enough for the hold coil to energize under
worst case conditions.

3.7.3.4.8.3 Power Dissipation. - Maximum hold c¢oil power dissipation
occurs at 0°C, where coil resistance is minimum, resulting in maximum holding
current. Thus, .

P =2 (41)
L

R

Substituting worst case parameters, P o°C = 6. 3wW. For purposes of evaluating
equipment temperature rise,the maximum power dissipation at 60°C is PGO“ =5,1W,
Since the coil is rated at 30V, and V1 is 27V, there is no possibility of coil damage due
to overload.

3.7.4 Motor Control, - Of primary interest in the motor control system design
is whether the minimum available relay turn-on voltage is suffioient to activate the
relays under worst case conditions, the maximum contact current and reverse voltage
transient suppression. Since the peak suppression and contact currents are covered
in the Stress Analysis Section of this report, only the turn-on voltage is discussed
helow,

The motor control relays, one side of which are connected to the primary
power, are energized by grounding the control line through another relay contact.
Thus, the voltage available at the coil is limited only by the relay contact resistance
and may be expressed as:

Vcoil B Vcc - Icoil Rc _ “2)
where:

Rc = gontact resistance

Vv = primary power

ce
and for the motor control relay;
Vv
coil

Teott = R ' / (43)
coil
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Combining the above equations, and solving for minimum coil voltage:

v
__ .¢cc ' ' 44
Veoil R @4

1+ _¢
Rcoil

Substituting worst case value into Equation 44, the minimum available coil
voltage is 23. 9 volts, which is much greater than the maximum required pick-up
voltage of 18V. Since the maximum available coil voltage is {fcc =27V, and the
maximum allowable voltage is 29V, there is no possibility of coil overload.

Relay contact bounce, operate and release times are insignificant in the
motor control circuit operation because the motor start sequence typically lasts several
seconds.

3.7.5 Conclusions and Recommendations. - With the recommended values of
R2, R6 and C2, and a minimum hyg 2N4399 incorporated into the solenoid switch
design, the Worst Case Analysis has shown that all operating requirements will be
satisfied over the temperature range of 0°C-60°C for a lifetime of 10,000 hours.
However, overall system efficiency and circuit reliability may be increased through
several suggested improvements in future designs,

The maximum holding coil power dissipation (6.3 watts) is substantial,
considering it to be more or less continuous. Conceivably, if size is not a major
obstacle, this power consumption may be reduced considerably by a redesign of the
coil winding. By using smaller wire size with an increased number of turns, the
coil resistance would be increased, while at the same time providing the required
holding force. * '

* Since the writing of this report, the manufacturer of the solenoid has agreed to build
the holding coil with an increased winding resistance of approximately 240 ohm while
maintaining a minimum of 5 to 6 lbs. force at room temperature. The resulting
nominal power dissipation will be 2.5 watts.
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APPENDIX 1A
PRELIMINARY PART LIST
FOR

TRANSPORT UNIT

/B



TRANSPORT ASSEMBLY

PL 8358497
QTY FINAL I NTER M
ITEM (501)  RCA NUMBER NUMBER
1 i 8777186-501  JL PL6907261-502
2 ] 8777186-502  JL PL6907261-501
3 1 8658182-501  JL PL6907262-502
4 1 8658182-502  JL PL6907262-501
5 2 8656729-501 JL PL6907263-501
6 3 8656729-502  JL PL6907263-502
7 ! 8777187-501  JL PL6907264~501
8 i 8359742-501  JL PL6907265-501
9 t 8777181-501  JL PL6907266-501
10 1 8777122-501 JL PL6907267-50)
11 1 8777183-501 JL PL6907268-501
12 1 8656730-501  JL PL6907269-501
13 1 8777182-501  JL PL6907271-501
L ] 8777123-501 JL PL6907272-501
15 ] 8359765-1
16 1 8778740-501
17 1 8656774-501
18 ! 8370328-501
19 1 8370333-501
20 1 8151213-1
21 1 8151213-2
22 ] 8151213-3
23 1 8151213-4
24 1 8504636-1
25 1 8151205-1
26 1 8505035-1
27 ) 8805220-1

DESCRIPTION

Reel Assembly, Supply
Reel Assembly, Take=Up
Dia. Sensing, Supply
Dia, Sensing, Take-Up
Tape Guide (2.00)

Tape Guide (2.0k4)
Erase Head

Headwheel Panel
Auxiliary Head

Capstan Assembly -
Capstan Motor Assembly
Negator/Diff. Assembly
Momentum Comp. (HW)
Momentum Comp. (Reel)
Deck, Tape Transport
Cover, Negator

Gasket, Enclosure
Enclosure, Bottom
Enclosure, Top
Connector, Power, J51
Connector, Motor Power, J§2
Connector, Signal, J53

Connector, Auxiliary, J5&

Pressure Transducer
Probe, Thermistor
Support, Temperature Sensor

Case, Temperature Sensor

1A-1-4.



QTY FINAL
ITEM (501}  RCA NUMBER
28
29
30
31 2 8359708-501
32 1 8359709-501
33 1 8359687-501
34 1 8359750-501
35 1 8359688-501

1A-2

-2-

INTERIM

NUMBER

DESCRIPTION

Video ﬁec/Preamp
Video Playback Amp
Control /Tach Preamp
Aux/Search Preamp

Motor/Solenoid Switch



ITEM

202

QTY
501

w o oo o~ 0NV W

1

12

13-

14
15
16
17
18
19
20
21

REEL ASSEMBLY
JL PL6907261

PART NUMBER

8777189-1
8777188-1
8509260-501
8509260-502
8150516-1
8509261 -1
8509261-2
SRBFFW5DB10CG -6
8509259-1
8778705-501
8509261-13
8509261-14
SFR1810SSW50B2CG-6

8150518~-1

8150517-1
8509293-1
MS28775-011
8509296~1
8150511-1
8778743-501

© 8509299-2

DESCRIPTION
Reel
Hub, Reel

Drive Shaft, Reel

Drive Shaft, ﬁeel

Spanner, Reel Brg

Spacei}

: Matched Pair

Spacer

Barden Brg, Matched Pr.

Retainer, Reel Brg

Pulley Assembly, Take~Up

Spacei} _
Matched Pair

Spacer

Barden Brg, Matched Pr.

Lock, Reel Shaft

Lock, Reel Pultey

Spacer

"Q'" Ring

Retainer Brg

Spacer, Shaft

Pulley Ass'y, Supply

Clamp

1A-3



10
13
12
13
™
15
16
17
18
19
20
21
22
23

1A-4

ary
502 501
- 1
1 -
- 1
1 -
3 3
1 1
1 1
- 1
1 -
1 1
| 1
1 1
2 2
2 2
X 1
X ]

DIA SENSING ASSEMBLY
JL PL6907262

PART NUMBER

8778708-1
8778708~2
8656722-1
8656722-2
8150500-1
8150503-1
81505041
8150502-2
8150502-1
8509200-1

8509200-2

8778706-1
115M423
JS-5
8761443~
8778738-1
8150646-1

JL PL 6908031

8505275-23
8509286-1
81512071
8151208-1
8150647-1
8489878-1

DESCRIPTION

Plate, Bottom
Plate, Bottom
Plate, Top

Plate, Top

Spacer, Post

Shaft

Bushing

Spring

Spring

Cam

Cam

Bracket, Adjustable
Micro=Switch

Switch Actuator, Micro=-Switch
Potentiometer

Gear, Spur

Bushing, Pot

Arm Assembly
Connector

Spfing Retainer
Spacér, Conn. ﬁtg.
Plate, Conn. Mtg.
Insulator, Micro=Switch

Cleat



Qry

I1TEM 292 501
1 1 1

2 1 )

3 -

" .

5 Lo

6 S
7 1

8 2 2

ARM ASSEMBLY, DIA SENSING

JL PLE90803)

PART NUMBER

8778709-1
8778765~1
8778738-3
8151204-501
8150645~
8150643-1
8]50644-1
SR1665SW3G-6

DESCRIPTION
Arm

Post, Flexure
Gear, Spur
Roller
Retainer, Brg
Retainer, Brg
Retainer, Brg

Bearing, Barden

1A-5



Qry
1TEM 502 501
1 | L
2 1 |
3 1
A - 1
5 1 -
6 -
7 I -
8 1 1
9 | 1
10 1 1
1 j 1
12 - 1
13 | -
14 i 1
15 6 6
16 AR AR
17 AR AR
18 AR AR
19 AR AR

1A-6

TAPE GUIDE ASSEMBLY

JL PL6907263

PART NUMBER
8509292-~1
8509295-1
M$28775-011
8509293 -1
8509293-2
8778737-3
8778737-h

SFR1810SSW5DB2CG-6

8509296-1
81512091
8151209-2
8656728-503
8656728-504
3803 1K-96C -6
28711N-94C-3
8151210-2
8151210~3
8151210-4
8151210-5

DESCRIPTION

Washer

Cap

0" Ring

Spacer

Spacer

Roller (2.000)

Rolter (2.040)

Barden Brg, Matched Pr.

Retainer, Brg

Spacegl
. Matched Pair

Spacer )

Guide Post

Guide Post

Scr, But.Hd. 6-32x.38

Scr, Set, 4-40x.18

Shim .002 Thick

Shim .003 Thick

Shim .005 Thick

Shim .010 Thick



QY

ITEW 502 50!
1 -2
2 - 1
3 - ]
L - 1
5 - |
6 - 1

ERASE HEAD ASSEMBLY
JL PL6907264
PART NUMBER
3315105-1
3315113-1
3313535-1
3313536~1
8508097~-1
8722717-2

DESCRIPTION

Cofes
Mount
Base

Cover
Clamp

Connector

1A-7



=

— -
-—

12
13
1
15
16
7
18
19
20

21
22

1A-8

HEADWHEEL PANEL ASSEMBLY

JL PL6907265

PART NUMBER

JL. PLE908032-501
3314528-501
3312369-1

JL 6907252 -1
3310983-2
3310984-2
3310980-1
3312718-2
3311348-1
3313527-1
33114471
3311588-1
3311589-1
3313525-1
3313528-1
3313526-1
8656766-2
3314335-501
8505275-31

Drawings not Avail-
able until later date

JL 6907312~}
3315116-]

DESCRIPTION

Motor Headwheel Assembly

Shoe Assémbly

Flex {(Vertical)

Level (Shoe Actuator)
Knob (Shoe Stop)

Nut (Special)

Scr, Hex Soc Special
Stabilizer Arm

Wedge

Bracket, Spring
Spring, Shoe Disengage
Clamp, Solenoid

Clamp, Solenoid

Clamp, Shoe Stop

Lug, Engage Solenoid
Mount, Engage Solencid
Mount, Tonewheel Head
Tone Head

Connector

Transformer Assembly

Scr, #6-6hx.38

Mount, Solenoid



JTEM

Qry

502 501

o WV W

oo |

10

MOTOR HEADWHEEL ASSEMBLY

JL PL6908032

PART NUMBER
8359743-501

8778790-1
SRE6STAGDF2ER2CV26CG=6
3313546
SR4STASDB2ER2CV26(G=-6
3313520-1

3315103-1

3313518-)

DESCRIPTION

Motor Assembly

Shaft, HW

Barden Matched Pair
End Cap

Barden Matched Pair
Mount, H.W. Tonewheel
Tonewheel

Interlock

HW Assembly

Rotary Transformer

1A-9



AUXILIARY HEAD ASSEMBLY
JL PL6907266

ITEM SOZQTYQOI _ PART NUMBER DESCRIPTION _
1 - x 3315247-501 Mount & Head Assembly
2 - 1 3317315-501 Head Assembly
3 - ! 3317307-1 ~ Block
4 - 2 3313704-501 ~ Core Assembly
5 - 2 3313704-502 Core Assembly
6 - 2 3313704-503 Core Assembly
7 - 90 3312552-1 - Lamination
8 - L 3313705-501 _ Terminal Board Assembly
9 - L 3312420-2 Board Terminal
10 - 8 3312539-1 Terminal
11 - 2 3331409-1 Shield
12 - 1 3331404-1 Shield
13 - k 8722?17-2 Connector
W - 3317301-1 Mount
15 - ) 3331406-1 Clamp, Plate
16 - 1 3331405-1 Cover, Plate

1A-10



CAPSTAN ASSEMBLY
JL PL6907267

ITEM SGZQTYSOI PART NUMBER DESCRIPTION

1 1 8509292 -2 Washer

2 1 SR4SW5SDB2ER2CG -6 Barden Brg, Match Pr,

3 1 85092481 Shaft

4 1 8509247-501 Housing

5 1 SR6SWSDF2ER2CG -6 Barden Brg, Matched Pr.
6 ] 8150508-1 Ring

7 1 | 8777121-1 Pulley

8 1 8509299-1 “Clamp

9 2 3803 1K-96¢ -6 Scr, But.Hd 6-32x.38

1A-11
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-~ oW = W

4
15

1A-12

CAPSTAN MOTOR ASSEMBLY
JL PL6907268
PART NUMBER
8778735-501
8509255-1
8150588-1
8656766-1
8505242-73
8150571-1
8150587-1
3311053-1

8778771-1

DESCRIPTION

Motor

Pulley
Tonewhee]

Tone Head Mount
Connector

Ring, TW Lock
Spacer, T

Spring

Clamp, Motor



QrY
| TEM 502 501
! - 1
2 - 1
3 - 2
L - 2
5 - 2
6 - 2
7 - 2
8 - ]
9 - 2
10 - ]
1 - 1
12 - 1
13 - t
14 - ]
15 - 1
16 - 1
17 - 1
18 - 1
19 - 2
20 - 1
21 - 1
22 - 1
23 - 1
2h - 3
25 - ]
26 - 1
27 - 1

NEGATOR/DIFFERENTIAL ASSEMBLY

JL PL6907269

PART NUMBER

8778741-1
8509277-1
8150511-2
8509278-501
8509284-1
8509261-6
8509261-7
8509261 -8
8509292-3
87787441
8777199-501
8509261-9
8509261-10
8509285-1
8778700-1
8505276-1
8509270~1
85092461
8509271-1
8509245 -1
8509261-3
8778701-501
8778702-501
SFR6SSW5DB5 -G6
8656765501
8150639~1
8509275-501

DESCRIPTION

Plate, Negator Mtg.

Shaft, Negator fake-Up

Spacer

Drum, Negator Take=Up

Ring, Negator Take=Up

Spacer

Spacer

Spacer, Drum

Washer

Shaft, Negator Output

Drum, Negator Qutput

Spacng
Match Pair

Spacer_}

Ring, Negator Qutput

Housing, Differential

End Plate, Top, Diff.

End Plate, Bottom, Diff.

Ring, Top

Ring, Bottom

Cap '

Spacer

Pulley Assembliy
Pulley Assembly
Bearing, Barden Pair
Differential

Gear, Negator Drum

End Plate

1A-13
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| TEM QDEQTYSOI - PART NUMBER DESCRIPTION

28 - 1 SRUFWSDF2CG-6 Bearing, Barden Pafr
29 - ] SFREFWSDB2CG-6 Bearing, Barden Pair
30 - 2 Spring, Negator

1A-14



QryY

MOMENTUM COMPENSATION ASSEMBLY (H.W.)
JL PL6907271

501

PART NUMBER

8778734-501
8656763-501
8656763-502

8150520-1

DESCRIPTION

Motor

Inertia Comp.

Inertia Comp.

Interlock

1A-15



ITEM

502

orY

50)

1

wi e W N

14
15

1A-16

[

1

MOMENTUM COMPENSATOR (REEL)

JL PLEYOT272

PART NUMBER

85092541

8150511-2

8509261 -k

8509261-5
SFRESSWSDB5G -6
8509253-1

8509245 -2

8151226-1

DESCRIPTION

Shaft
Spacer
Spacer -

» Matched Pair
Spacer
Barden Brg, Matched Pr.
Ring

Cap

Ciamp



1TEM
Al
¢t
c2
c3
cl
c5
cé
c7
c8
c9
c10
cit
12
13
Ci4
c15
c16
ci7
18
€19
€20
c21
c22
c23
c24
€25
€26

VIDEO RECORD/PREAMP

PART NUMBER

8150561 -1
CKRO6BX104KP
CKROGBX1O4KP
CKROGBX104KP
CKRO6B X1 OKP
815084741
CKROSBX104KP
CKRO6B X104KP
CKRO6BX 1 OLKP
CKRO6B X104KP
CKRO6B X1 O4KP
CKROEBXTO4KP
CKRO6BX104KP
CKROGBX 1 O4KP
CKRO6B X104KP
CMO5CD102J03
8150547-41
8150547 -41
CKRO6B X! O4KP
CKRO6B X1 0LKP
CKRO6BX 1 0kKP
CKRO6B X104KP
CKRO6BX104KP
CKRO6BX104KP
CKRO6B X1 O4KP
CKROGB X T10LKP
CKRO6BX104KP

PL 8359708

DESCRIPTION

Current Probe (CT-2)

Capacitor, CER, 0.1 UF,

Capaci tor,
Capacitor,

Capacitor,

Capacitor,

Capacitor,

Capacitor,

Capacitor,

Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,

Capacitor,

CER, 0.1 UF,

CER, 0.1 UF,

CER,

0.1 UF,

£10%, 100V
+10%, 100V
£10%, 100V

+10%, 100V

Tant, 2.2 UF, *10%, 35V

CER,
CER,
CER,
CER,
CER,
CER,
CER,
CER,

CER,

0.1 UF,
0.1 UF,
0.1 UF,
0.1 UF,
0.1 UF,
0.1 UF,
0.1 UF,
0.1 UF,
0.1 UF,

£10%, 100V
£10%, 100V
108, 100V

108, 100V

£10%, 100W
0%, 100V
*10%, toov
0%, ooV

£10%, 100V

Mica, 12 PF, 5%, 500V

Tant, 2.2 UF, *10%, 35V

Tant, 2.2 UF, *10%, 35V

CER, 0.1 UF, £10%,

CER,
CER,
CER,
CER,
CER,
CER,
CER,

CER,

0.

t

UF,
UF,
UF,
UF,
UF,
UF,
UF,

UF,

100V
£10%,
t10%,
*10%,
£10%,

100V
100v
100v
100V
£10%, 100V
£10%, 100V
£10%,

0%,

100V

100V

1A-17
PL 8359708



1A-18

c27
c28
€29
c30
c31
€32
33
c34
€35
c36
c37
c38
39
c4o
ch
ch2
ch3
chhy
chs
clb
ch7
ch8
ch9
c50
€51
CRI

CR2

PART MUMBER
CKRO6B X104KP
CKROGBXI O4KP
cmosbm O4KP
CKRO6BX10LKP
CMO5CD120J03
8150547 -k1
8150547 -4
CKRO6BX104KP
CKRO6BX104KP
CKRO6B X104KP
CKRO6B X104KP
CKRO6B X1 OLKP
8150547-15
CKRO6BX104KP
CKO6BX105K
8150547-15
CKO6BX 105K
CKRO6BX104KP
CKRO6BX104KP
8150547-15
CKRO6B X104KP
CKO6BX 105K
8150547-15
CKO6BX105K
CKRO6BX 10K P
JANTXIN6LS
JANTXING4S
M5757 /40010

DESCRIPTION

Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor;
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Diode

Diode

CER, 0.1 UF,
CER, 0.1 UF,
CER, 0.1 UF,
CER, 0.1 UF,

Mica, 12 PF,

£10%, 100V
£10%, 100V
*10%, 100V
10%, 100V
5%, 500V

Tant, 2.2 UF, =10%, 35V

Tant, 2.2 UF, 210%, 35V

CER, 0.1 UF,
CER, 0.1 UF,
CER, 0.1 UF,
CER, 0.1 UF,
CER, 0.1 UF,
Tant, 22 UF,
CER, 0.1 UF,
CER, 1.0 UF,
Tant, 22 UF,
CER, 1.0 UF,
CER, 0.1 UF,
CER, 0.1 UF,
Tant, 22 UF,
CER, 0.1 UF,
CER, 1.0 UF,
Tant, 22 UF,
CER, 1.0 UF,
CER, 0.1 UF,

Relay (412-26)

£10%, 100V
+10%, 100V
£10%, 100V
£10%, 100V
+10%, 100V
£10%, 15V
£10%, 100V
£10%, 50V
£10%, 15V
£10%, 50v
£10%, 100V
£10%, 100V
£10%, 15V
£10%, 100V
£10%, 50V
2106, 15V
100, SOV

£10%, 100V



STEM

L1

L2

L3

L4

L5

L6

L7

L8
p80/86
P81/87
p82/88
P83/89
P84/90

Ql

Q2

®

Q6
Q7
Q8

Q10
Qn
Qi2
Q3
Ql4
Q15

PART NUMBER

8150567-26
8150567-26
8150567-26
815056749
8150567-26
8150567-26
8150567-26
8150567-49

JANTX2N325 1A
JANTXZN325 1A
JANTX2N2218A
JANTXZN2222A
JANTX2ZNZ2907A
JANTXZN3251A
JANTX2N3251A
JANTX2N2218A
JANTX2ZN2222A
JANT X2N2907A

- 8150548~-1

8150548-1
JANTX2N2369A
8150548-1
8150548~1

" DESCRIPTION

Coil, 12 ubl (SW-W-12)

Coil, 12 uH (SW-W-12)

Coil, 12 uH (SW-W-12)

Coil, 1000 uH (SW-W=1000)

Coil, 12 uH (SW-W-12)

Coil, 12 uH (SW-W-12)

Coil, 12 uH (SW-W-12)

Coil, 1000 ulf (SW-W-1000)

Connector (Heads)

Connector (Power)

Connector (Qutput)

Connector (Part of Al)

Connector (Output)

Transistor, si, PNP

Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,
Transistor,

Transistor,

si,

si,

PNP
NPN
NPN
PNP
PNP
PNP
NPN
NPN
PNP
NPN (2N3572)
NPN (2N3572}
NPN (2N3572)
NPN (2N3572)
NPN (2N3572)

1A-19



1A-20

1TEM
Q16
R1
R2
R3
Rh4
RS
R6
R7
R8
R9
R10
RI
R12
R13
R14
R15
R16
RE7
R18
R19
R20
R21
R22
R23
R24
R25
R26

R27

PART NUMBER

JANTX2N2369A
RCRO7GIS1JP
RCRO7G220JP
RNR55C1001FP
RNR5SS5C1001FP
RCRO7G302JP
RCRO7G122JP
RNR55C1001FP
RNRS5C1001FP
RCRO7G432JP
RCRO7G272JP
RCRO7G102J4P
RCRO7G122JP
RCRO7GHT2JIP
RCRO7G101JP
RCRO7G4724P
RCRO7G102JP
RNR5S5C2000FP
RJ2LCX501
RCRO7G562JP
RCRO7GI01JP
RNR55C2001FP
RCRO7GIOHIP
RCRO7G392JP
RCRO76511JP
RCRO7G820JP
RCR20G202JP
RNR5S5C1001FP

AR

DESCRIPTION

Transistor, si,

Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,

Resistor,

Comp,
Comp,
Film,
Film,
Comp,
Comp,
Film,
Film,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,

Film,

NPN (2N3572)

150 5%, 1/4W
22, 5%, 1/4wW
1000, 1%, 1/104
1000, %1%, 1/104
3000, 5%, 1/4W
1200, 5%, 1/4W
1000, £1%, 1/1W
1000, £1%, 1/10
4300, #5%, 1/
2700, 5%, /4y
1000, 5%, 1/4W
1200, #5%, 1/4W
4700, 5%, 1/44
100, 5%, /bW
4700, 5%, 1/
1000, 5%, 1/4W

200, £1%, 1/10W

Var, 500, £10%, 1/2w

Comp,
Comp,
Film,
Comp,
Comp,
Comp,
Comp,
Comp,
Film,

5600, *5%, 1/bLv
100, 5%, 1/bW
2000, 1%, 1/10
100, 5%, 1/bW
3900, 5%, 1/bW
10, i5%, 1/4w
82, 5%, 1/bM
2000, 5%, 1/2W
1000, 1%, 1/10W



LTEM
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
RLO
RE1
RL42
RL3
R4
R4S
R46
R47
R48
R49
R50
RS 1
R52
R53
RS4
R55

PART NUMBER

RCRO7G101JP
RNR60C3001FP
RCRO7G221JP
RCRO7G102JP
RCRO7G102JP
RCR20G101JP
RCRO7G202JP
RCRO7G470JP
RCR20G2014P
RCRO7G202JP
RCR20G101JP

RCRO7G100JP

'RCRO7G100JP

RNR55C1001FP

- RCRO7G100JP

RNRS5C1001FP
RCRO7G100JP
RCRO7G430P
RCRO7G101JP
RCRO7GL72JP
RCRO7G102JP
RNR55C200CFP
RJ2LCX501
RCRO7G562JP
RCRO7G101JP
RNR55C2001FP
RCRO7G1014P

RCRO7G392JP

Resistor,
Resistor,
Resistor,
Resistor,
Resistof,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,

Resistor,

"Resistor,

Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,

Resistor,

Resistor,

Resistor,
Resistor,
Resistor,

Resistor,

DESCRIPTION

Comp,
Film,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,
Comp,
Film,
Comp,
Film,
Comp,
Comp,
comp,
Comp,
Comp,

Film,

100, *5%, 1/t
3000, 1%, 1/8W
220, 5%, 1/bu
1000, 5%, 1/uu
1000, *5%, 1/4
100, 5%, 1/2u
2000, 5%, 1/bW
L7, 5%, 1/bu
200, 5%, V/2W
2000, 5%, 1/4W
100, *5%, |/2W
10, 5%, 1/4v
10, 5%, 1/4W
1000, *1%, 1/104
10, 5%, 1/4v
1000, *1%, V/1OW
10, 5%, 1/bW
43, £5%, 1/4M
100, 5%, 1/4W
4?00, 5%, /4w
1000, *5%, /4w

200, £1%, 1/104

var, 500, £10%, 1/2

Comp,
Comp,
Film,
Comp,

Comp,

5600, 5%, |/6M
100, 5%, 1/
2000, 1%, 1/104
100, 5%, 1 /8
3900, 5%, }/bW



1A-22

ITEM
RS6
R57
R58
R59
R60
R61
R62
R63
REA
R65
R66
R67
R68
R69
R70
R71
R72
R73
R74
R75
R76
R77
R78
R79
R80
R8I
R82
R83

PART NUMBER

RCRO7G511JP
RCRO7G820JP
RCR206202JP
RNR55C 1001FP
RCRO7G101JP
RNRGOC3001FP
RCRO7G221JP
RCRO7G 102JP
RCRO7G102JP
RCR20G101JP
RCRO7G202JP
RCRO7G470JP
RCR20G201JP
RCR07G202JP
RCR20G1014P
RCRO7G 100JP
RCRO7G 100JP
RNR55C 1001FP
RCRO7G 100JP
RNR55C 1001FP
RCRO7G 100JP
RCRO7G430JP
RNR55C5 IR 1FP
RNR55C392 1FP
RNR55C392 1FP
RCRO7G910JP
RCRO7G102JP
RNRS5CL750FP

-6

DESCRIPTION

Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Film,
Resistor, Comp,
Resistor, Film,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Reslstor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Film,
Resistor, Comp,
Resistor, Film,
Resistor, Comp,
Resistor, Comp,
Resistor, Film,
Resistor, Film,
Resistor, Film,
Resistor, Comp,
Resistor, Comp,

Resistor, Film,

510, 5%, 1/
82, 5%, 1/4w
2000, 5%, 1/2u
1000, *¥%, 1/10W
100, 5%, 1/4u
3000, £1%, 1/84
220, 5%, /bW
1000, *5%, 1/4u
1000, 25%, 1/4W
100, £5%, ‘1/2v
2000, *5%, 1/uu
Ly, 5%, V/4W
200, 5%, 1/2v
2000, *5%, 1/4W
100, *+5%, 1/2u
10, +5%, 1/4W
10, 5%, 1/4W
1000, *1%, 1/10W
10, 5%, 1/4W
1000, £1%, 1/10M
10, 5%, 1/44
43, 5%, 1/4%
S5t.1, £1%, 1/1M
3920, *1%, 1/1o™
3920, *1%, 1/10d
91, 5%, 1/bw
1000, 5%, 1/4u
k75, 2%, V1M



R84
R85
R86
R87
R88
R89
R90
R91
R92
R93
RO4
RI5
R96
R97
R98
R9S
R100
R101
R102
R103
R104
R105
R106
R107
T1
T2
TJI
TJ2

PART NUMBER
RNR55C 1 000FP
RNR55C47RSFP
RNRS5C 1501FP

RCRO7G310JP

-RNR55C68R I FP

RCRO7G471JP
RCRO7G470JP
RNR55C301 1FP
RCRO7G681JP
RNR55CS IR TFP
RNR55C392 IFP
RNR550392|FP
RCRO7G910JP
RCRO7G102JP
RNRS5CL750FP
RNR55C 1000FP
RNR55C4H7R5FP
RNR55C 1501FP
RCRO7G910JP
RNRS5C68R 1FP
RCRO7G471JP
RCRO7G470JP
RNR55C3011FP
RCR0O7G681JP

-] -

DESCREPTION

Resistor, Film, 100, *1%, 1/10W
Resistor, Film, 47.5, *1%, /104
Resistor, Film, 1500, £1%, 1/10W
Resistor, Comp, 91, *5%, 1/4wW
Resistor, Film, 68.1, 1%, 1/104
Resistor, Comp, 470, #5%, 1/UW
Resistor, Comp, 47, *5%, 1/
Resistor, Film, 3010, *1%, 1/10W
Resistor, Comp, 680, #5%, 1/l
Resistor, Film, 5i.1, 1%, 1/10W
Resistor, Film, 3920, 1%, 1/10W
Resistor, Fiim, 3920, £1%, 1/104
Resistor, Comp, 91, 5%, 1/4W
Resistor, Comp, 1000, 5%, 1/bwW
Resistor, Film, 475, 1%, 1/10W
Resistor, Fitm, 100, 1%, 1/10W
Resistor, Film, 47.5, £1%, 1/10W
Resistor, Film, 1500, 1%, t/1OM
Resistor, Comp, 91, *5%, 1/4W
Resistor, Film, 68.1, £1%, 1/1W
Resistor, Comp, 470, 5%, 1/4wW
Resistor, Comp, 47, #5%, 1/4W
Resistor, Film, 3010, £1%, 1/10W
Resistor, Comp, 680, *5%, 1/4VW
Transformer (Record)

Transformer (Record)

Test Jack

Test Jack 1A-23



1A-24

TJ3
T4
ul
u2
u3
uh
us
ué
u7
VR1
VR2
VR3
VR4
VRS
VR6

VRY

PART_NUMBER

8150525-1
8150524-1
81505241
8150537-1
8150537-1
8150537-1
8150537-1
JANTX1N4370A
JANTXIN753A
JANTXINI66B
JANTXIN966B
JANTXIN753A
JANTXIN966B

JANTX| N966B

DESCRIPTION

Test Jack

Test Jack
Integrated Circuit
Integrated Circuit
Integrated Circuit
Integrated Circuit
Integrated Circuit
Integrated Circuit
Integrated Circuit
Diode, Zener, 2.4V
Diode, Zener, 6.2V
Diode, Zener, 16V
Diode,.Zener, 16V
Diode, Zener, 6.2V
Diode, Zener, 16V

Diode, Zener, 16V

(CA3026)
(CA3018A)
(CA30184)
(NH0002)
(NHO002)
(NHBO002)

(NHO0O02)



1TEM
cl
c2
c3
ch
c5
c6
7
c8
c9
clo
cll
12
c13
ik
c1s
16
17
ci8
19
€20
c21
€22
€23
c24

VIDEQO PLAYBACK AMP

PART NUMBER
8150547-20
8150547~15
CKO6BX 105K
CKOB6BX105K
CKRO6BX 1 0LKP
CKOBBX105K
CKRO6BX104KP
NOT USED
CKO6BX1 05K
CKOGBX105K
CKROBBX ' OUKP
CKO6BX 105K
CKRO6BX1 O4KP
CKOEBX105K
CKO6BX 105K
CKO6BX 105K
CKRO6BX104KP
CKO6B X 105K
CKROGBX104KP
NOT USED
CKO6BX105K
CKO6BX105K
CKRO6BX 1 OLKP

CKO6BX 105K

PL 8359709

DESCRIPTION

Capacitor,
Capacitor,
Capacitor,
Capaci tor,
Capacitor,
Capacitor,

Capacitor,

Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,

Capacitor,

Capacitor,
Capaci tor,
Capacitor,

Capacitor,

Tant, 15 UF,
Tant, 22 UF;
CER, 1.0 UF,
CER, 1.0 UF,
CER, 0.} UF,
CER, 1.0 UF,

CER, 0.1 UF,

CER, 1.0 UF,
CER, 1.0 UF,
CER, 0.1 UF,
CER, 1.0 VUF,
CER, 0.1 UF,
CER, 1.0 UF,
CER, 1.0 UF,
CER, 1.0 UF,
CER, 0.1 UF,
CER, 1.0 UF,

CER, 0.1 UF,

CER, 1.0 uF,
CER, 1.0 UF,
CER, 0.1 UF,

CER, 1.0 UF,

£10%,
109,
£10%,
£10%,
£10%,
£10%,
£10%,

+10%,
010%,
0%,
T10%,
0%,
0%,
*10%,
£$10%,
0%,
£10%,
0%,

£10%,
8110%,
+10%,
0%,

25V
15V
SV
507
100V
50v
100v

s50v
5oV
100V
50v
100V
Sov
Sov
sov
100V
Sov

toov

50v
sSov
100v
S50V

1A~25



1A-26

€25
€26
€27
c28
€29
€30
€31
bLI

bL2

Qt

H

R2
R3
R4
R5
R6
R7
RS
R9
RIO
RI
R12
R13
R14

PART NUMBER

CKRO6BX104KP
CKO6BX105K
CMO5FD910.03
CMO5FD910J03
CMOSFD910J03
CMO5FD910403
CMOSFD910J03
8i505444-2
8150544 -2

JANT X2N2369A

JAN 2N3810

JANTX2N2369A

JAN 2N3810
RCRO7G3R3JP
RCRO7G301JP
RCRO7G301JP
RJ25CW101

RJ24CW101

RCRO7G820JP
RCRO762204P
RCRO76220JP
RCRO76220JP
RCRO76242JP
RCRO7G362JP
RCRO7G 102JP
RLRO7C620JP
RJ24CWS01

DESCRIPTION

Capaci tor,
tapacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Delay Line,
Delay Line,
Transistor,
Tranﬁistor,
Transistor,

Transistor,

Resistor, Comp, 3.3,
Resistor, Comp, 300,
Resistor, Comp, 300,
Resistor, Var, 100,

Resistor, Var, 100,

CER, 0.1 UF,
CER, 1.0 UF,
Mica, 91 PF,
Mica, 91 PF,
Mica, 91 PF,
Mica, 91 PF,
Mica, 91 PF,

3 Sect.

3 Sect.

NPN

Dual PNP

NPN

Dual PNP

109, 100w
105, S0V
5%, 500¢
£5%, 500V
+5%, 500V
5%, 500V
£5%, 500V

5%, 1/h4W
5%, /bW
5%, 1/4W
T10%, /2

0%, 1/2

Resistor, Comp, 82, 5%, V/hW

Resistor, Comp, 22, i£%, 1/4M

Resistor, Comp, 22, #5%, t/hW

Resistor, Comp,

22, 5%, /bW

Resistor, Comp, 2400, 5%, 1/uW

Resistor, Comp, 3600, 5%, 1/bW

Resistor, Comp, 1000, *5%, 1/4w

Resistor, Film,

62, 5%, 1/bw

Resistor, Var, 500, £10%, 1/24



ITEM
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30

| R31
R32
R33
R34
R35
R36
R37
R38
R39
R4O
Rit
R42

PART NUMBER

RCRO7GL71JP
RCRO7GZ20J4P
NOT USED

RCRO7G220JP

RCRO7G103JP

RCRO7G750JP
RCRO7G331JP
RCRO7G111JP
RCRO7G101JP
RCRO7G102JP
RCRO7G750JP
RCRO7G301JP
RCRO7G301JP
RJ2LCW O]

RJ2LCWIO]

RCR0O76220JP
RCRO7G220JP
RCRO7G2204P
RCRO7G2429P
RCRO7G362JP
RCRO7G102JP
RLRO7C620JP
RJ24CW501

RCRO7G471JP
RCRO76220JP
NOT USED

RCRO7G220JP

'RCRO7G1034P

-3

DESCRIPTION

Resistor, Comp,

Resistor, Comp,

Resistor, Comp,

Resistor, Comp,

Resistor, Comp,

Resistor, Cohp,
Resfstor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Var,

Resistor, Var,

Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
Resistor, Comp,
ﬁesistor, Comp,
Resistor, Comp,

Resistor, Film,

h70, +5%, 1/4W
22, 5%, /bW

22, 5%, 1/WM
10K, *5%,1/WW
75, 5%, 1/bv
330, 5%, 1/4W
110, 5%, 1/MW
100, 5%, 1/4W
1000, *5%, 1/4w
75, 5%, 1/4d
300, 5%, 1/4W
300, 5%, 1/49

100, £10%, t/aw

100, +10%, 1/2w

22, 5%, 1/4W
22, 5%, /bW
22, 5%, 1/44
2400, 5%, 1/bu
3600, #5%, 1/4w
1000, 5%, 1/4W
62, 5%, 1/uM

Resistor, Var, 500, £10%, 1/2W

Resistor, Comp,

Resistor, Comp,

Resistor, Comp,

Resistor, Comp,

470, 5%, 1/4
22, 5%, t/hw

22, 5%, 1/4
10K, 5%, 1/4W
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1A-28

ITEM
R43
R4
R4S
R46
R47
R48
vt
U2
u3
uls

PART NUMBER

RCRO7G7504P
RCRO7G331JP
RCRO7G111JP
RCRO7G102JP
RCRO7G101JP
RCRO7G750JP
8150536-1
8150536~1
8150536-1
8150536~1

oy

DESCRIPTION

Resistor, Comp, 75, *5%, 1/bwW
Resistor, Comp, 330, 5%, 1/4W
Resistor, Comp, 110, 5%, 1/4w
Resistor, Comp, 1000, 5%, 1/bvW
Resistor, Comp, 100, 5%, 1/4u
Resistor, Comp, 75, 5%, 1/4wW
Integrated Circuit

Integrated Circuit

" Integrated Circuit

Integrated Circuit



cio
ch
ciz
Ci3
Cl4
C15
cié
€17
c18
cig
c20
CR1

CR2

CR3

Ki
R1
R2
R3

CONTROL_TRACK/TACH PREAMP

PART NUMBER

CKO068BX105K

CKROGBX103KP
CKRO6BX103KP
CKROGBX103KP
CMO5FD221J03
CKO6BX 105K

CKRO6B X103KP
CKRO6B X1 03KP
CKRO6GBX103KP

CMO5FD221J403

CSRI3E156KP

CSR13D226KP

CKRO6B X103KP

CKROGBXIO3KP_

CSRI3EI56KP
CSR13D226KP
CKRO6B X O3KP
CKO6B X1 05K
CKROGBX152KP

CKROEBX103KP

JANTXING 14

JANTXIN9 14
JANTXI N6LS
M5757/40-010
RNRSS5C1COIFP
RNRS55C 1001FP
RCRﬁ?GlOOJP

Pt. 8359687

DESCRIPTION

Capacitor,
Capacitor,
‘Capacitor,
Capacitor,
| Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Capacitor,
Diode, si
Diode, si

Diode, si

Cer, 1 UF, *10%, 50V

Cer, 0.01 UF, *10%, 200V
Cer, 0.01 UF, £10%, 200V
Cer, 0.01 UF, 10%, 200V
Mica, 220 PF, i5%, SOOV

Cer, | UF, £10%, 50V

Cer, 0.01 UF, %105, 200v

Cer, 0.01 UF, +10%, 200V
Cer, 0.01 UF, *10%, 200V
Mica, 220 PF, 5%, 500V
Tant, 15 UF, +10%, 20¢
Tant, 22 UF, 104, 15V
Cer, 0.01 UF, 210%, 200V
Cer, 0.01 UF, £10%, 200V
Tant, 15 UF, *10%, 20V
Tant, 22 UF, 103, 15V
Cer, 0.01 UF, %10%, 200¥
Cer, 1.0 UF, *10f%, 50V
Cer, 1500 PF, *10%, 200V

Cer, 0.01 UF, *10%, 200V

Relay, DPDT (h12-26)
Resistor, Film, 1K, *i%,
Resistor, Film, 1K, %1%,

Resistor, Comp, 10, 5%,

1/ 100
t/10w
/4
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1A-30

ITEM
RY
R5
R6
R7
RS
R9
R10
R1

R12

R13.

R14
RIS
Ri6
R17
R18

RIS

R20
R21
R22
R23
VR
VR2
VR3
VR4
ul

v2

u3

PART NUMBER

RCRO7G6100JP
RNR55CLE42FP
RNRS5C 1001FP
RNR55CI001FP
RCRO7G100JP
RCRO7G100JP
RNRSSCL6L2FP
RNR55C 1000FP
RCR20G511JP
RCRO7G620JP
RNRSS5C1001FP

NOT USED

RNRS5C1001FP

RCRO7G O0JP
RCRG7G100JP
RNR55CS111FP
RCRO7G101JP
RCR20G681JP
RCRO7G750JP
RCRO7G103JP
JANTXIN963B
JANTXIN753A
JANTXIN963B
JANTXIN753A
8150533-20
8150533~20
8150533-20

Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,

Resistor,

Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,
Resistor,

Resistor,

Diode, Zener,
Diode, Zener,
Diode, Zener,

Diode, Zener,

DESCRIPTION

Comp,
Film,
Film,
Film,
Comp,
Comp,
Film,
Film,
Comp,
Comp,

Film,

Film,
Comp,
Comp,
Film,
Comp,
Comp,
Comp,

Comp,

10, 5%, 1/4W
46.5K, *1%, 1/104
K, £1%, /104
K, 1%, 1/10@
10, 5%, 1/

10, 5%, 1/4w
56.4K, 1%, 1/104
100, 1%, 1/104
510, 5%, 1/2v
62, 5%, 1/bv

K, 1%, 1/10W

K, 1%, /1™
10, 5%, 1/iM

10, 5%, 1/4W
5.V1K, £1%, 1/104
100, 5%, 1/
680, 5%, 1/2W
75, ¥5%, 1/uw

10K, *5%, 1/4W

12v
6.2V
12v

6.2y

Integrated Circuit, Op Amp (702A)

Integrated Circuit, Op Amp {702A)

Integrated Circuit, Op Amp {(702A)



LTEM
¢l
c2
c3
C4
€5
cé
c7
c8
€9
clo
¢
12
13
Ci4
€15
€16
c17
c18
19
€20
c21
22
€23
c24
€25
€26
c27

AUX/SEARCH PREAMPS

PART NUMBER

CKOBBX105KP

CKRO6GBX103KP
CKROBBX103KP
CKR06BX222KP
CMOSEDS5 10403
CKOBPX105KP

CKROGBX103KP
CKRO6BX103KP
CKRO6B X222KP
CMOSFD101J03
CSRI3E156KP

CKO6BX105KP

CKRO6BX103KP
CKRO6BX103KP
CKROBBX222KP
CMOSED510J03
CKO6BX105KP
CKRO6BX103KP
CKRO6BX103KP
CKRO6BX222KP
CMOSFD101J03
CSR13C396KP

CKROSBX102KP
CKRO68X103KP
CKROGBX103KP
CKRO6BXT03KP

CMOSED510J03

PL 8359757
DESCR{IPTION

Capacitor,
Capacitor,
Capacitor

Capacitor,

Capacitor,

Capacitor
Capacitor
Capacitor
Capacitor,
Capacitor,
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor
Capacitor,
Capacitor,
Capacitor
Capacitor
Capacitor

Capacitor

1.0 UF

0.0} UF

2200 PF

51 PF

100 PF

15 UF, 20V

39 UF, tov

.001 UF

1A-31



1A-32

1TEM
c28
€29
€30
c31
€32
€33
C34

CRY
CR2
CR3
CRL
CR5
CR6
CR7
El to E7
K1
Pl
R1
R2
R3
R&
R5
R&
R7
R8
RS

PART NUMBER
CKRO6BX]03KP
CKROGBX103KP
CKRO6BX103KP
CKRO6BX332KP
CHOSED510J03
CSRI3E156KP
CSR13C396KP
8505806-4
8505806-5
JANTXING 14
JANTXING ML
JANTXINO 14
JANTXINO 1k
JANTXING 14
JANTXIN9 14
JANTXi N645

M5757 /40-005
850524273

RNR55C 1001FP
RNRS5C5 11 1FP
RCRO7G 100JP
RCRO7G 100JP

RNR55C2 152FP
RNRS5C 1001FP
RNRSSC 1001FP
RCRO7G100JP

RCRO7G100JP

DESCRIPTION
Capacitor
Capacitor
Capacitor
Capacitor, .0033 UF
Capacitor
Capacitor
Capacitor

Pad, Mtg., 8 Pin
Pad, Mtg., 10 Pin
Diode

Diode

Diode

Diode

Diode

Diode

Terminal (Test Points)
Relay
Connector
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor

Resistor



RI1
R¥2
R13
R4
Ri5
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36

PART NUMBER

RNR55C2152FP
RCRO7G202JP
RNRS55C 1000FP

RCR32G301JP

RNRSSC1001FP -

RNR55C5111FP
RCRO7G100JP
RCRO7G100JP
RNR5S5C2152FP
RNRS5C1G01FP
RNRS55C1001FP
RCRO7G100JP
RCRO7G1COJP
RNR55C2152FP
RCRO7G2024P
RNR55C 1000FP
RCR20G470JP

RNRS5C 1001FP

RNR55C5111FP

RCRO7G1004P
RCRO7G100JP
RNR55C5112FP
RNR55C 1001FP
RNRSS5C 1001 FP
RCRO7G 100JP
RCRO7G100JP
RNR55C3162FP

DESCRIPTION

Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resjstor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor
Resistor

Resistor
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1TEM PART MJMBER DESCRIPTION

R37 RCRO7G202JP Resistor

R38 RNR55C 1 000FP Resistor

R39 RCR20G431JP Resistor

R40 RCRO7G620JP Resistor

VR JANTXIN963B Diode, Zener, 12V

VR2 JANTXIN753A Diode, Zener, 6.2V

VR3 JANTX1N963B Diode, Zener

VRE JANTXIN7S3A Diode, Zener

Zl 8150533~10 Integrated Circuit, Op Amp
72 8150533-10 Integrated Circuit, Op Amp
3 8150533-10 Integrated Circuit, Op Amp
zh 8150533-10 Integrated Circuit, Op Amp
25 8150533~10 Integrated Circuit, Op Amp
Z6 815053310 Integrated Circuit, Op Amp
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1TEM
cl
c2
CR!
CR2
CR3
CRY4

CRS

CR6 .

CR7
CR8
CR9
CRIO
cR1
CR12
CR13
CRI4
CR15
CR16
CR17
Ki
K2
K3
Kb
KS
K6
K7
3

MOTOR SOLENOID SWITCH

PART NUMBER

CSR13G226KP
CSR13G825KP

NOT USED

NOT USED

JANTXI NG4S

JANTXINEG70

JANT X1 NG4S

JANT X1 N4970

JANTXI NG4S
JANTXI N4958
JANTX1N4958
JANTX | N4958
JANTX| N4958
JANTX1N4970
JANTX1N64S
JANTXIN4O70
JANTXIN319]
JANTX1N6US
JANTXENGUS
8150555-1
8150555-1
8150555-1
8150555-1
NOT USED
8150555-1
M5757 /40-005
8413691-45

PL 8359688

DESCRIPTION

Capacitor, Tant, 22 UF, £10%, S50V

Capacitor, Tant, 8.2 UF, *10%, 50

Diode
Diode,
Diode
Diode,
Diode
Dicde,
Diode,
Diode,
Diode,
Dicde,
Diode
Diode,
Diode
Diode
Diode
Reiay,
Relay,
Relay,

Relay,

Relay,

Relay,

Zener,

Zener,

Zener,
Zener,
Zener,
Zener,

Zener,

Zener,

DPDT,
DPDT,
DPDT,

DPDT,

DPDT,

33y

33v

10v
10v
10v
10V

33v

33v

108 (J-J2A)
10A (4-J2A)
10A (J-J2A)

10A (J-J2A)

VOA (J=J2A)
1A (412-26)

Test Point, Brown
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R10
R1Y
R12
R13
R4
R15

Qi

<

1A-36

PART NUMBER

RCRO7G101JP
RNR55C287 tFP
RCRO7G331J4P
RCR076G221JP
RCRO7G102JP
RWR69G 1 0OROSFP
RCRO7G103JP
RCRO7G103JP
RNR55C 1332FP
RNRS5CLEHIFP
RCRO7G392JP
RNRS5C 1472FP
RNR55C2872FP
RCRO7G392JP
RCRO7G102JP
JANTX2N2907A
JANTX2ZN2219A
8150549-1
8505806-5

DESCRIPTION

Resistor, CC, 100, 5%, 1/4W
Resistor, Film, 2.87K, £1%, 1/10W
Resistor, CC, 330, 5%, 1/4W
Resistor, CC, 220, +5%, 1/4w
Resistor, CC, 1000, 5%, 1/bwW
Resistor, W, 10, 1%, 2.5W
Resistor, CC, 10K, *5%, 1/4wW
Resistor, CC, 10K, *5%, 1/4W
Resistor, Film, 13.3K, %1%, I/IUH_
Resistor, Film, 4640, £i%, 1/10W
Resistor, CC, 3900, 5%, 1/Lw
Resistor, Film, t4.7k, 1%, 1/10W
Resistor, Film, 28.7K, %1%, 1/10w
Resistor, CC, 3900, #5%, 1/4W |
Resistor, CC, 1000, *5%, 1/4V
Transistor

Transistor

Transistor, Power

Relay, Pad, 10 Pin



SPECIFICATION ERTS-564-2
VIDEO RECORDING TAPE

This tape is to be prepﬁred using a mylar backing thickness of 0, 00092" and
is to receive the same exclusive backing treatment as ''Scotch’ Video Tape No, 400,
The magnetic coating, however, is to be of the same formulation and thickness

- (0,00021) as MT24070,

To facilitate performance comparison with the double-face coated, MT24070
tape, the manufacture of this tape shall be arranged to include a "long' cycle between
the application and the surface treatment of the magnetic coating. '

Surface roughness measurements are to be taken for each reel and are to be

included with the tape upon delivery,
| Thickness
Mylar Backing
Magnetic Coating
Total
Magnetic Coating
Backing Tréatment

Manufacturing Technique

0, 00092"

0.00021

0.00113
Same formulation as MT24070
Same as "Scotich' No., 400

Long-cycle between coating and
surface treating

2A~1/2A-2
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l:dernal Correspondence AN VA
' Ldaw ..ta-—l tJ

L. .~
To C, Russell Location 10-5 pate October 13, 1969

From A, Siegel Location 1-6-5 . Telephone  PC 3915
Subjest Variation in Mepco Fixed Film Resistors (RMR Type) with Time

Mr, A. Ringel, Manager of Quality Assurance at Mepco, supplied me with curves

on their RNR Type Resistors. Their graphical analysis falls into two categories;
up to 10,000 hours with power applied continuously and uwp to 50,000 hours of
Shelf Life. The variations noted for the first group of curves would approximate
those for resistors where their "on" time is quite large when compared to their
Noff* time. The second group of graphs would indicate the trend that could be
expected for r981stors with very low duty cycles,

. Analyzing the data, we find the following using the comparisons described above:
(A) For Mepco Model FHIO, 1/10 Watt (RNRSSC) =

1, After 50,000 hours of Shelf Life, units within the resistance range
from 49,9 to 20,000 ohms always indicated a positive average increased value
(x of 0.3%). For units between 20,1K and 51K the average was also positive
but at a value of 0.h2% at 50,000 hours. In the 51,1K to 100K range the
average change was also always positive and again was 0.42% at 50,000 hours,

2, The Load Life Test for this resistor model resulted in an average
negative change in values with the average change being 0.2L% at 10,000 hours,

(B) For Mepco Model FH11, 1/8 Watt (RNRS7C)

1, Only a Load Life Test Curve was supplied and it indicated that the
average change was negative Wlth the average change being 0,06% at 10,000
hours -

(C) For Mepco Model FHL2, 1/8 Watt (RNR6OC) -

1, After 50,000 hours of Shelf Life units within the resistance range
from k9.9 to 80, 000 okms always indicated a positive average inereased value
(% of 0.12%9). For units between 80,1K and 300K ohms the average was also
positive but at a value of 0,1% at 50,000 hours. In the 301K to L99K ohm
range the average change was also always positive and increased up to 0.17%.

2. load Life Test Data was run on two groups, Both indicated as
arer;ge negative change with average changes after 10,000 hours of 0,08 and
0.12%.

(D) For Mepco Model FH25, 1/L Watt (RNR65C) -

1, After 50,000 hours of Shelf Life, units within the resistance range
from k9.9 to 300,000 ohms always indicated a positive average increased value

SA-1_
-



(x of 0.09%), For units between 301K olms and 1 megohm the average was
also positive but at a value of 0,08% at 50,000 hours, _

2, load Life Test Date indicated that the average change was positive
with the value being 0,06% at 10,000 hours.

(E) For Mepco Model FH50, 1/2 Watt (RNR70C) -

1, After 50,000 hours of Shelf Life, units within the resistance range
from 49,9 to LOO, 000 olms" indicated a basic positive average increase of
insignificant valve. However, in the range from LO1K olms to 1 megohm the
average value was also consistently positive but with an average value of
0,08% at 50,000 hours,

2. load Life Test Data was run on two groups, Both indicated an average
positive change with average changes after 10,000 hours of 0,08 and 0.1%.

A1) units undergoing examination were of the 1% tolerance category and were
supplied with maximum temperature coefficients of +50 PPM/C,

Please advise me of any additional information you may require or of any
other way that I can be of service,

antral Engineering
AS:jmp
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NaME _Becord/Preamp

RELIAMLITY DATA WORKSHEETS

Teenip: ., 00 Faluee sysvem _ERTS/TU
DRAWING NO._8359708 - Ambleat = 46 C @)  Degraded MODULE Record/Preamp {41
SCHEMATIC NO. Mt ='60'c % NoEfiest . supMODULE_[liccord
NEXT ASSEM, )
e , F.\ll.l..' T MODULE FAILURE MODE
EM NUMBER CRCUIT | ppg | RATED | APPLIED | o cp | STRESS FAILURE EFFECT NON PERIFORMANCE
RCA OR MILITARY ]| SYMBOL STRESS | STRESS 5 | RATIO RECORD AUX, SEARCH
UNTY 2 hadi B OFEN | SHORT| DEGRAD. [oreTyiss| vec. [ PB.} re.
5,1 | RNRS5C1001FFl Rl AW L 4 mw] L002] o4 X X Ix !
X X |x
5,2 | RNR35C100:FP| R2 AW | T4 mw] L002] .04 X X |x
X Xi{x
5.3 | RCROTGI02JP R3 0,25W{ 3¢ mw| .001] ,13 X X |x
X X |x
5,4 | RNRS5CI000FP] R4 0,1W 4 mw| 002 .04 X X X
X X Ix
5.5 | RNRSSC1001FP| RS 0.1W | 4mwl ,002] ,04 X X |x
_ ' . X X |x
5.6 | RCROTG1220P | R 0.25W |[LeNAf oo n/a | | x o Jo
: : X o |o
5,7 | RCRO7G272JP RY 0,25W |T,P,N/A] .001] N/A X 0 |o
X 0 |o
5,8 | RCROTG472JP | RS lo.2sw | 42 mw]| .001] 17 X X Ix
X X |Ix
5.9 | RNRSSC7000FP| R9 0,1W 1mw| ,002] <1 X D |Dp
' X D |p
Ls.lo RJ24CW501 © R10 0.25W |<.1mw] 002 <1 X b |Dp
: : X DD
5,11 | RCRO7G102JP R11 lo.2sw ]| 9 mw]| .00t] <1 X x |x
' X X 1X
[s.12 | RCROTGS62JP Ri2 [0.25W { 29 mw| ,001} .16 X | X [x
X X Ix
[5.13 | RCRO7G392JP | R13 - j0.25W | 35 mw] ,001] .14 X X Ix
X X [x
15.14' ‘RNRSSC2001FP| R4 [o.aw | 20 mw] ,002] .2 X X |x
. : - b4 X |X
_ |5.15 | RCRO7G470JP RS lo.2sw {1.9 mw| ,001] <1 X X |x
X X Ix
5,16 | RCRO7GS11IP R16 lo.25w | 26 mw]{ ,c01] .1 X X Ix
X X |x
5,17 | RCR200G202JP] R17 jo.sw 200 mw| ,002| ,40 X X Ix
X " X |x
- |s.18 | RLE20C3001JP| Ri8 lo.sow |135 mw| ,003] .30 X X Ix
X X Ix
CIRCIAT ANALYSIS ENGINEERING TOTAL
REUABILITY (A) 'MIL-HDBK-217
: @) EST.DATA DATE SHEET_) OF 5 _

IB-17e



RELIAMLITY DATA WORKSHEETS

NAME Becord/Preamp Toenp: . ) Faituse _ rSTEM_ERTS/PU
DRAWING NO._3359708 Ambicot = 46 C M@ Degraded uopuLE_Record/Preamp_(4)
SCHEMATIC NO, hn - &0C ©®  NoEffect su-mopuLE_ Record
po— FAIL MODULE FATLURE MODE
o NUMBER . ;:mm‘ rer | SATED | ArPLED n‘g‘; m FAILURE EFFECT N:N’“';?Jnx.mmsmm
RCA OR MILITARY | sympot || STRESS | STRESS | RECOR
itk * OFEN | SHORT| DEGRAD. oS Twss|wic. | F2.]  Pb.
5.19 | RNRSS5CL1001FP| R19 “aw | 10mw ] oo2] .10 X X |x
’ X X |X
Is.20 | Rcro7GrOZIP | R20 bo. 25w fr.p.NAl o0 | N/a X o |o
X . 0 |0
45.21 RCROTGATOFP R21 0,25W 1 30 mw | [001] .12 X X Ix
. X X X
15.22 | RCR20G201J P R22 0.5W 225 mw | ,003] .45 X X |x
X X |X
Is.28 | RNRsSCl001FP| R23 fo.aw 3 - | .002] - 1 x 1x |x
X X IX
15,24 | RCROT32025P R24 10,25W 12, 5mw| ,001] <,1 ‘ X X IX
: X X |X
5;25 RCR20G101JP [ 1744] W.5W [250 mw| 004 .50 X D |D
X X IX
|5.26 ] RCROTG100JP R26 i0,25W | 25 mw] ,J01| .t X X 11X
X X X
15.27 | RCRO7G202JP R27 0.25W | 25 mw} 001 .l.- - X X |X
X X |IX
15.28 | RCR20GLOMJIP R28 [0.5W (250 mw| ,004] .5 X X |X
X X 1X
5,29 | RCROYGLOOIP R29 2,25W | 20 mw| ,001] <1 X DD
’ X X 1X
5,30 | RNRS5C1001FP R30 1w - 302 - X X 1X
X iX
5,31 | RCROTG220JP R31 10.25W | 20 mw| ,001] <1 X DID
X X IX
5,32 | RCRO7GL00JP R32 0,25W [100 mw| ,002{ .4 X XX
X X |IX
5.33 | RCRO7GI027P | R33 0,25W | 190 mw] ,001] ,19 X |x
: X |X
5,34 | DELETED R34 [FRON CIRCYIT
§.,35 | RCROTG10LIP R35 0,.25W i<l mwyg 1] <1 X X IX
X XX
$.36 | RCRO7GLOOJP R36 0,25W [ 100 mw] .003] .4 X Xlx
X X |IX
CIRCWRT ANALYSIS ENGINEERING TOTAL
RELIABILTY A} MILHDYK-217 .
@) EST.DATA DATE SHEET 2 _OF _§ _
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RELIABILITY DATA WORKSHEETS

NaMe Rocord/Preamp L Tomp: . 00 Feun SYSTEM _ERYS/TL
DRAWING NO._8330708 Ambient = 46°C D) Degiaded moouLe_Decord/Preamp (4)
SCHEMATIC NO. ant - &C 03 NoEffect : sup-mMODULE_ Jlecord
NEXT ASSEM. ) } .
ary ) FAIL . MODULE FAILIRE MODE
TEM NUMBER CIRCUIT PER RATED | APPLIED RATE STRESS FAILURE EFFECT NON PERFORMANCE.
RCA OR MILITARY | SYMBOL STRESS | STRESS 4 | RATIO RECORD AUX SEARCH
uNIT ) =0 OPEN [ SHORT| DEGRAD, Hooreet oo
5,37 | RCRO7GRIOLIP R37 0,25W |2.5 mw| .001] <1 X DD
X x Ix
5,38 | RCROTG4T2JP R38 fjo.25w | 75 mw]| .002] .30 X X [x
X x |x
5,39 | RCRO7G122JP RrR39 | 0,25W | 19 mw| ,001] <1 X X |x
) X x |x
|-40 RCRO7G220JF K40 0.25W [ 20 mw| .002| <.1 X p|p
_ X plIp
5.41 | RCROTGI0LIP R4l 0,25W [ 2mw| 001 <.1 X Xix
| x X |x
Is.42 | Rcroscas2 5P| Ra2 lo,25w ] 78 mw| ,002] .31 X X |x
) ' X X Ix
L5.43 RCROSG102JP Re3 | Yo,25W | 17 mw| .0o01] <1 X x Ix
X X Ix
[5.44 [ RCRO7G101JP P44 | [0,25W | 19 mw | ,001] <1 X p|p
: X X |Ix
Is.45 | ckrosBxa04kH ct 1ov | sv |.om| <1 X x Ix
X I )
5.46 | CKROSBX104KH C2 100V sv | .0m] <1 X X |x
X D ID
|s.47 | CKROSBX1I04KH C3 100v | 20v | .co1] .20 X X |x
. 1 x D |D
I5.48 } CRROSBX104KH C4 wov | 2av | ,o01] 22} X X 1x
: X DD
5.49 | ckmosBX104KH C5 heov | av | .om| .21 X x Ix
_ _ X p|D
5 50 | CKRUOGBXI04KH C6 wov { 2av | 001 .21 ! x x [x
: X 13 )
5,51 | CKRUO6BX104KH C7 wov | 1sv | .00 .16 X X Ix
1 x| DD
'Hs.sz CKROSBX104KH C8 100V v 00 <1 | X xix|
: 1 X DD
15.58 | CKRO6BX104KH €9 - oov fe 1v | 00| <1 X X |x
_ X X |x
Is.54 | ckrosmaodkp clo- wov (e.2v ] .00l <1 X X Ix
X ' D |D
RELIABILITY {A) MAL-HDBK-217
: M EST.DATA DATE __ ___ SHEET Y OF _§ _

3B-3



RELIABILITY DATA WORKSHEETS

mase: lecord/Preamp . Temp: . 0 Pudue sysmEMERTS/TU
DRAWING NO._ 8359708 Ambient = 4°C D) Depaded movuLe Record/Preamp (4}
SCHEMATIC NO. bt = &C @ NoEffoct sus-MODULE__Record
MEXT ASSEM, ’
qry FAIL MODULE ~_ FAILURE MODE,
ITEM MUMBER QROUIT | e RATED | APILIED RATE | STRESS FAILURE EFFECT NON PERFORMANCE
RCA OR MILITARY | SYMBOL stress | stoess | o6 | ramio RECORD | AUX. | SEARCH
NIt x} OFEN- | SHORT]  DEGRAR oo — o
15.55 | CKRO6BXIMKER Cl11 100V |24V L0 <1 X X IX
X D ID
15.56 | CKROGBX104KH C12 100V | 20V 001 E 0,20 X X |X
X D D
[5.57 | CKRO6BX104KH Cl13 10V v L0011 <10 X X 1x
: X X 11X
.58 | CKROSBXQI04KHE Cl4 100V § 21V J0mi .21 X X IX
’ ' X D ID
.59 | CKRO6BX1IMMKH C15 100V | 16V 001 .18 X X X
) X D |D
I5.60 | CKROGBX104KH| C16 100V (14 L0011 <, 10 X X |X
X X |X
i$.61 CKROGBXI04KH] C17 100V 17V. L0l 17 . X X iXx
X D |D
Is.62 [ 8150547 . C18 I a5V | 14V L025] .40 x X 1X
X X |x
Is.63 | 8150547 c19 ssv | zzv | ,125] Le3 X x |x
X Ip |p
15.64 | 8150547 c20 vy 2v L0681 <1 X X |IX
b. 4 D D
15.65 | 8150567 12 ) . 05 I X X X
X X IxX
15.88 8150567 L2 .05 ] X D |D
X X 11X
15.67 8150567 L3 _ .05 X D |D
' : X X |X
15.68 | 8150567 14 05 X D ID
. ’ X X IX
5,69 AN TXIN43T0A Vh1 400mw 8 mw| ,020] X X ix
rpn.oa X x Ix|
15.70 PANTXIN7I3A VR2 400mw [ 20 mw | ,020 X X |X
Pp=.03 X X [X
5.7 | JAN TX1N966B YR3 400mw | 48 mw] ,020 X X |X
: Pp=1§ X X |x
[s.72 { sANTXaNsEsB | VR4 400mw | 48 mw} ,020] X X [x
Ppeag X X ix
CIRCUIT ANALYSIS . ENGINEERING ' ToTAL
RELIABILITY A} MILHDBK-217 '
' . ) EST.DATA DATE oEET 4_oF 3

IB-4



RELIAMLITY DATA WORKSHEETS

NAME Record/Preamp . Temp: 0 Feilure : sysTem ERTS/TU
DRAWINGNO. 8350708 .. . Ambient = 46°C W Degradod ' mopwiE_Record/Preamp (4}
SCHEMATICNO. . . hit =+ &C @ NoEffect . SUBMODWLE__ _Recovd
NEXT ASSEM, - .
ary e MGDULE FAILURE MODF.
p— NUMBER CIRCUST | pop | RATED | apeuEn | o | sTRESS FAILURE EFFECT NON PERFORMANCE
RCA OR MILITARY { SYMBOL STRESS | STRESS RATIO — |RECORD | AUX. | SFARCH
, T ol OFEN | SHORT| DEGRAD. [ rusIRee [ 7o 7o,
5.73 | 8150525 ’ Z1 N.A. N, A, | .040] N A, X X |IX
' X X |X
{5.74 | 8150524 z2 N.A, N.A. [ .040] N_A, X X {X
: 1 X X |X
A5. 75 | JANTX2N3251A] Qb PSOmw 120mw | .04 X X X
Pp=,3y x | - X |x
5.76 | JAN TX2N32514] Q2 J60mw [115mw | .4 . B X X |X
w ' Pp=.33 X X {x
5,77 | JANTX2N2218 Q3 3w {420mw | ,026 b. 4 X X
{Heat Sink) PD=. 2q X XX
15.78 | JANTX2N2222. o4 " |soomw [100 mw 026 X X |X
PD=. 2& X X | X
5.7 | JANTX2N2907 Q5 400mw [10¢ mw | 065 X X |X
Pp=.3] X X |x
18,80 8150537 _ z3 N A, | NLA, | ., 040] N A, X X X
X X |X
15,81 | 8150537 Z4 N, A, N.A, | .040] N.A, X X |X
. ) . x' X |IX
CQIRCUTT ANALYSIS ENGINEERING TOTAL
RELIABLITY (A)  MILHDBX-217
@ BST.DATA | DATE ____SMEET_S5 _OF_5




RELIABILITY DATA WORKSHEETS

NAME Record/Prcnmp Temp: 0 Foum SYSTEM ERTS/TU i
DRAWING NG.____ 8959708 Ambicat = 48°C ®)  Degraded moDULE____Record/ Preanip (4)
SCHEMATIC NO. : Pt = 60°C ©  MoEffect SUB-MODULE__Preamp
NEXT ASSEM.
ary FAIL WODULE ] FAILURE MODE,
—_— NUMBER QrCWT | pen | RaTED | Arrusen | L o I sTRESS FAILURE EFFECT WON PERTORMANCE
RCA OR MILITARY | SYMBOL STRESS | STRESS RATIO RECORD [FLAYBACK ] SFARCH
. T x106 OPEN SHORT| DEGRAD, v [uissl rav Tass b,
4.1 | CKROSBX104KP] C1 100V 4,5v | .001 043 X X X
X X X
4,2 | B150547 c2 15v s.0v 1.00 .33 X D D
X X X
4,3 | CKROBX104KP C3 100V 3.0v | .001 .03 X D D
X X X
4,4 | 8150546 Cc4 50V 4,2v {,001] ,084 X plp
X X X
4,5 |e150547 cs 15v | 7.sv |.0a| .80 x p|D
X X X
4.6 | 8150546 Cé aov 1,0V | 001 .02 X D D
X D D
4,7 | CKROSBX104KP] C7 100V 2.0v | .001 02 X X X
- : X X X
4,8 | CKRO6BX104KP| C8 100V 4.5v |, 001} ,049 X | X X
X X X
4.9 | 8150547 cH 15V 9.0V | .02 «33 X D D
X X X
4,10 CKROBXIMKP- Cl10 100V 3.0v | .001 .03 X D D
X X X
4,11 | 8150546 Cl11 S0V 4.2v | 001 LOBE X D D
X X X
4,12 | 8150547 12 15V 7.5V .04 .5 X D D
X X X
4,13 | 8150546 C13 50V 1.0V | .001 .02 X D D
X D [ 1]
4,14 | CKROGBX104KP| C14 wov | 2.0v |.001| .o2| x x| x
: X X X
4.15 | CKROGBX104KP| C15 100V 4,5V | ,001 043 X X X
X X X
4,16 | 8150547 Cl6 15v 5.0V | .02 .33 X D D
' X X|x
4,17 { ckRosBX104KF] - C17T. 100v { 3.0v | .001] .03| X p|D
X X1 X
4,18 | 8150546 C18 50V 4,2v | .00a] 084 X D|D
X X X
CIRCUIT ANALYSIS ' ENGINEERING TOTAL
RELIABILITY _ (A)  MILHDBX-2L7
@ EST.DATA _ DATE sueer_1_of _6

3B-6




RELIABILITY DATA WORKSHEETS

Nawe Record/Preamp Temp: PO Faiiue SYSTEM ERTS/TU
DRAWING NO.____ 8339708 Ambient = 46°C M@  Degraded MODULE Record/Preamp (1)
SCHEMATYC NO. ' het | - &0°C ©  NoEffect supmopuLe_ Preamp
NEXT ASSEM. 4
. qry - FAIL, NOWLE FM_LFNL MODE
TEM NUMBER arcuir. ) PER RATED | APPLIED RATE STRESS FAILURE EFFECT : NONIPERFORM:\NCE
RCA OR MILITARY | SYMBOL STRESS STRESS RATIO RECORD |PLAYBACK | SFARCH
hil R xio® OVEN | SHORT| DEGRAD. Ieomyuci rav [Mss|  Pa.
4,19 [8150547 cle 15v | 7.5v f.oa | .50} x D|D
X x | x
4.20 | 8150546 C20 sov | r,0v J.001| .02] X D |D
X | x
4.21 |CKRO6BX104KP| €21 100v | 2,0v |.001f 02| x X | x
. x D-| b
4,22 {CKRO6BX104KP| €22 100v | 4,5v |,001| ,045 X X |x
' X X |x
4,23 | 8150547 c23 1sv | 5.0v .02 ] .22} x p|D
' X x | x
4,24 | CKROSBX104KP| C24 100v | s.0v |.001] .03] X p|D
X X [ X
4.25 | 8150546 c25 dsov | 4.2v |.001] .08 x p|D
X X | x
14.26 [8150547 | c26 15v |sv J.oe | .s0] x D|D
X X | x
4,27 |s150546 - | o271 dsov - | 1,0v JLooa] L0z]| x p D
X D|D
4.28 [CKRO6BX104KP| C28 wov | 2.0v |.001| .o2| x| - X | x
: : X X | x
4.28 |412-26 Ki - lamp |.2amp | .05 2
4,30 |412-26 { ke “|ramp L2 amp [.05 | .2
4,31 | 8150560 : T . .05 '|26V(sel)
4.32 |8150860 T2 _ .05 [26v(sek)
4,33 | 8150560 T3 _ .05 |26visek)
4,34 [ 8150560 T4 . .05 |26v(seb)
4,35 | 8150561 TS 1.0
4,36 | 8150548 1@ 200mw{ 12mw |02 | .06] X X | X
: ' : X. x | x
4,37 | 8150548 Q2 200mw| 8.4mw| .02 | .042] X X | x
) _ X X 1x
4,38 |JAN TX2M918 | Q3 360mw| 8.1mw|.02 | .023]. X X | x
' ' X X |x
QRCUIT ANALYSIS ENGINEERING . TOTAL
REUABILITY {A) MIL-MDBK-217
' . M EST.DATA . DATE 8!‘581‘_2_01’_&

3B-7



RELAABILITY DATA WORKSHEETS

ware___ Becord/Preamp - Temp: . 00 Falurs sysrem | ERTS/TU
DRAWING NO. 8359708 Amibiest = 46-0 B )  Degraicd smopne__ Record/Preamp (1)
Tic Bt = &0°C O NoBffeci™ sveMobtLE___Preamp
MEXT ASSEM, : .
) arv FAIL MODULE FAILURE MODY,
pa— NUMBER ORCUIY | poo | RATED | AreuiED | o o0 | STRESS FAILURE EFFECT HON FERFORMANCE.
RCA OR MILITARY | SYMPOL STRESS | STRESS | o6 | RATWO RBCORD {MLAYSACK| sSFARCH
Lt . OFEN [ SHORT] DECRAD, booo uss"l ravlis | 7i
4,39 158150548 Q4 - J200mw] 12mw | .02 .06 X X)X
. X X I X
4,40 | 8150548 Q5 200mw) 8.4mw] .02 .042) X XI1Xx
: X X |x
4,41 | JAN TX2N918 Q6 360mw] 8.1lmw| 02 .023 X X]X
X X]1X
4,42 | 8150548 Q1 : 260mw| 12mw | ,02 +06 X X1 X
- X X[x
4,43 [ 8150548 . Q8 200mw| 8,4mw| ,02 ._0424 X X1Xx
' . X X1Xx
4.44 |JAN TX2N918 Q9 360mw| 8,lmw| .02 .023L X XI|x
X X | X
4.45 | 8150548 Q10 200mwij 12 mw| .02 .06 X 1. X1X
X - X¥1X
4,46 | 8150548 o 200mw| 8.4mw] .02 043 X X1X
: ' ' X X1X
4,47 [JAN TX2N9I8 | Q12 360mw| 8.1mw} .02 .023 X X|x}
:T X Xl1X
4.48 | RNRS5G51R1FP| R1 110w 6, 0mw| ,002| .08 X X1X
X D (D
4,49 [ RNRS5C3921FP| R2 ' /10w | 7.5mw| ,002] ,07% X X | X
X X1X
4,50 | RNR55C3921FP| R3 1/10w | 6.0mw| .002| .06 X - : X1X
X X1 X
4,51 | RCRO7GS10JP R4 110w | 7.2mw| 002 028 X XX
X D|D
4,52 | RCROTG192JP | RS 1/10wW | 4,8mw]| .001 013 X XJ1X
' X DID
4.53 | RNRS5C4750FP! Ré 1/10W L 2 4mw} ,002] 024( X X | X
' X X|1X
4,54 | RNRSSC1000FP| RY 1/10w | 6.0mw| .002 .06 X X1 X
i X D! D
-14,5% ] RNRSSCATR5FP| RS 1/10W 6,0mw| ,002] .06 X DD
’ X DD
4,56 | RNRSSC15HMFP| R9 1/10Ww] 7.3mw| .002{ .07§ X X|Xx
' X Xl1X
CIRCUIT ANALYSIS ___ ENGINEERING ) TOTAL
RELIABILITY . - ) MILHDEK-117
' : @ EST.DATA DATE SHEET 3 _oF _6

IB-8




RELIABILITY DATA WORKSHEETYS

sase  Record/Preamp _ Tomp: 00 Falure sysyen_ ERTS/TU
DRAWING No.___ 8359708 . Ambicat « 46°C ®) Degiaded . mopuLe, Record/Preamp (1)
SCHEMATIC NO . ' Bt = 60°C 0 No Effect suBMoDULE, __ Preamp .
NEXT ASSEM. - ’ .
) - FAIL MODULE FAILURE MODE
TEM NUMBER CRCUY g: RaTED | APPLIED | o, | sTRESS FAILURE EFFECT NON PLRFORMANCE
RCA OR MILITARY | SYMBOL STRESS | STRESS RATIO - FEOORD [FLAVBACE| SFARCH
untT, . aio® OFEN | SHORT |  DEGRAD, [QuorTosS] Rav [MsS| v,
.4. 57 |RCRO7TGS10JP R10 1/10W 16mw] ,001] .064] X X X
) X b D
4,38 {RNRSSCO68RIFP] Rii 1/10W ]| 6.0mw| .00 .06 X D D
X D D
4.58 |RCRO7TG4TIIP Ri12 1710w 7.6mw] .001] ,L03 X X X
X X X
4,60 | RCROTG470JP R13 1/10W | 6,0mw| 001 .06 X X X
X D D
4,61 [RNRSSC3011FP] R14 1/10W [17.2mw} 002 .l7q X X X
_ : X X |x
4,62 |RCRO7G68LIP R1.5 1/10W | 3.3mw| 001 ,013 X X X
: ) X X[x
4,63 | RNRS5C51R1FP| R16 1/10W | 5,0mw| ,00 02 X X X
’ X D D
4,64 | RNRS5C3921FP| R17 1/200w| 7.5mw| 009 .07 X X X
; X X X
4,65 [ RNRS55CI921FFP| R18 1/10wW | 6.0mw| 009 .06 X : X X
X X b.4
4,66 | RCROTG910JP R19 1/10W | 7.2inw| .0¢ 028 X X X
. X D D
4,67 | RCROTG102JP I R20 1/10w| 4.8mw] .00 . 014 X X X
X D D
|4.68 | Rursscarsorp| Rra1 1710w ] 2.4mw| 004 .02d x x [ x
- X X X
4,69 | RNRS53C1000FP| R22 B 110w | 5. 0mw] .00 .02 X X X
X D D
4,70 | RNR55C4TR5FPf R23 . 1 _/IOW 5.0mw| .00 .02 X D P
X D D
4,71 | RNRS5C1501FP] R24 1/10Ww] 7.3mw] 003 .,073 X X X
x X X
4,72 | RCROTGFS10JP{ R25 1/1ow} 1émw |.001§ .064 X X b.9
. X D D
4,73 | RNRSSC88R1FP] R26 1/10Ww] 5.0mw] .003 .02 X D D
X D D
4,74 { RCROTG471JP R27 1/20w]| 7.6mw| ,001 .03 X X X
X X1X
CIRCWAT ANALYSES ENGINEERING TOTAL
RELIABILITY () MILHDBK-2(7
) EST.DATA DATE sneer_4 _oF _86

3B-9


inc.no

RELIABILITY DATA WORKSHEETS

naMe Record/Preamp Temp: . 00  Falure svsTem __ERTS/TU
DRAWING No.___ 8350708 Ambicat = 46 C D} Degraded wopuLe_Record/Preamp (1)
SCHEMATICNG. Pt = &C ©  NoEffect supMopuLE,___ Proamp
NEXT ASSEM,
: P FAIL. WODULE FAILURE MODF
TEM NUMBER CIRCUTT | pep | RATED | aPriiED | oo | STRESS FAILURE EFFECT NON PERTORMANCE.
RCA OR MILITARY | SYMBOL STRESS | STRESS RATIO RECORD |PLAYBACK| SFARCH
e o OFEN [SHORT| DEGRAD. FoouToiss| mov | Mss|  Pb.
4,75 | RCROTH4T0IP R28 1/10W | 2.0mw| . 001 .01 X X X
X D
4,76 | RNR55C3011FP| R29 1/10W 17, 2mw] .0025] ,172{1 X X | x
X X X
4.77 | RCROYG681IP R30 1/10W 3.3151w .001 013 X XX
X X X
4,78 | RNRSSC51R1FP} R21 1/10w | 2.0mw]| 001 0 X X X
X D P
4,79 IRNRSSC3I921FP| R32 1/10W ] 7.5mw| . 002 LO01 X : X X
X X | x
4.80 [ RNRS5C3921FP| R33 1/10W] 6. 0mw| ,001 06 X X X
X X X
4,81 {RCROTGO10JP R34 1/10W | 7.2mw} 001 028 X X X
’ X D D
4.82 | RCROTIG102JP R35 1/10W | 4,8mw] . 001 .02 X X X
’ X p|lD
4,83 | RNRS5C4750FP] R36 1/10w ] 2.4mw| ,002| ,024 X | ‘X (X
X X X
4,84 | RNRSSC1000FP] R37 110w 5. 0mw} ,002] .02 X X X
X D D
4,85 | RNRS55C47RSFP] R38 1/10W ] 5,0mw} . 002 .02 X D D
X D D
4,86 | RNRSSC1501FP| R39 1/1o0w | 7.3mwl| 002 L0073 X X X
. X X X
4,87 | RCROTGF910JP| R40 1/10W | 16mw | . 001 L0684] X X X
’ ' X D D
4,88 | RNR55C68R1FP] R4l 1/10W | 5,0mw| 002 .02 X D D
X D D
4,89 | RCRO7G4TLIP R42 1/10W | 7.6mw| ,001 .03 X . X X
X X X
4,96 | RCROTGATOIP R43 1/10W{ 2,0mw| ,001 .01 X X X
) ' X D |
4,91 | RNRSSC3011FF| R44 1/10W |17, 2mw]| .0025] .17 X X X
X X X
4,92 | RCR0O7GE81IP R4S 1710w | 3,3mw| . 001 013 X . X X
. X X X
CIRCUIT ANALYSIS ENGINEERING - 1OTAL
RELIABILITY : (A} MILHDPK-217
@)  EST.DATA ' DATE____ SHFET. 9 oF _6

IB-10



RELIABILITY DATA WORKSIEETS

 same__ Record/Preamp Temp: 00 Faiose SYETEM ERTS/TU
. DRAWING No.___ 8309708 Ambieat = 46°C D} Deograded - MODULE Record/Preamp (4)
SCHEMATIC NO. ' Bt « 60°C @) NoEffect : suB-MopuLE___Preamp
. :
oy — VraL MODULE FAILURE, MODE.
ITEM NUMBER QROT MER MTE'D AFPLIED RATE STRESS FAILURE EFFECT " NON PERFORMANCE
WCA OR NILITARY | S¥MBOL sTResS | sTREss |, o6 | RATIO RECORD |PLAYBACK| ‘SFARCH
| R M0 OFEN | SHORT | DEGRAD. [ouTigss| wev | Mss| _ P.5.
4,93 IRNRSSC5IRIFP| R46 1/10W | 5,.0mw] . 002 . .02 X X1 X
X D |D
4.94 |RNRSSC3921FP| R4T 1/10W | 7,.5mw] 001§ .075 X X |X
X X | X
4,95 TRNRS5C3921FP | R48 1/10W | 6.0mw| ,002 .06 X X X
X X | X
4,96 |RCROTGS10JP | R49 1/10W] 7.2mw],001f ,028) X X |x
X DD
4.97 |RCROTG102JP RSO 1/10w ] 4,9mw} 001 012 X | XtX
' X DD
4.98 |RNR55C4TS0FP| RS51 1/10W | 2.4mw] 002 D24 X X | X
X X | X
4,99 | RNR55C1000FP [ R52 . 1/10W | 5.0mw} ,002 .02 X X | X
X D D
4,100 RNR55C4TRSFP} RS2 1/10W | 5.0mw] ,002 .02 X D D
X D|D
4,101 RNR5SC1501FP| R3¢ | |r/a0w] 7.3mw] 002} Lo78 X X | x
- X Xi1X
4,102} RCROTGFO10IP| R5S “ {1/10W ] 16mw | 001 064 X X X
: X D b
4,103 RNRS5C6S8R1FP] RS6 1/10W | 3,0mw| .002 02 X D}D
’ X DD
4,104 RCROTG4TLJP | R37 ' 1/10W ] 7.6mw] .001 .03 X XX
1 X X | X
4,105 RCROTGATOIP RS58 1/10W| 1.0mw].0004 .01 X X1X
' ' X D|D
4,106] RNRSSC301LFP| RS9 ' 1/10W |17.2mw| 0024 .179 X X1X
X X1 X
4.101L RCROIGE81IP RGO : 1/10W] 3.3mw| ,001 _. .01y X I X X
. X X | X
s08l ganTxiveas | oer1 | |4oomw] domw fa ] 2 | x
. X
GROWT ANALYSIS ENGINEERING TOTAL
- MELABIITY (A)  MELHDRX-27?
: (5 EST.DATA - DATE sHEeT_6_oF _6

IB-11




REEARILITY DATA WORKSHEETS

nasg___ Video Playback Amp Temp: 00 Falore svsTem__ ERTS/TU
DRAWING NO.___ B339002_ Antiemt = 46°C @  Degraded MopUig___ Playvhack Amplifier, Video
SCREMATIC NO Mt = 60'C ™ NoEfeck SUB-MODULE, 3
NEXT ASSEM. .
po— FAIL WODULE . FAILURE, WODE.
mew | e v | o | T2 | smess | sess | aamo [ ] T | wecoR JFLAVEACK] SR
RCA OR MILIT.
o * OFEN JSHORT] DEGRAD. ¥ ov[wss] mav wss | o,
3.1 | 8130547 c1 25v  J1a.sv |.05 [0.54 X x | x
: . X D D
3.2 8150547 [or'4 15V av |.05 ] 0,53 : X X X
. X DD
3.3 8150546 C3 SOV 5.5V [.001] 0.11 X X |X
: X DD
3.4 8150546 C4 50V 5.5V }.001] 0,11 . X X IX
' X DD
3.5 |CKROSBX104KP] C& 100V 5V 1.001] 0,05 X X |X
’ X X 11X
3,6 8150546 Cé SOV 5.5V |.001} 0,11 X X X
X DID
3.7 |CKROGBX104KP| CT ] 100V SV |.,001} 0,05 X X X
X X X
3.8 ) DELETED}
3.9 [B150546 <9 S0V 5.5V J.001] 0.11 ’ X X |IX
X D |D
3.10 | 8150546 Cl0 - jsev 5.5V §.001] 0.11 X X |X
X DD
3.11 | CKROGBX104KP] Cl1 100V I 5V |.001] 0,05 X X |IX .
: : X X |IX
3,12 | 8150546 Cl12 50v 5.5V | .001] 0.11 X X |X
: X DID
3.13 | CKROGBX104KP] C13 100V 8V ] .001] 0,05 X I X 1X
. X X IX
3.14 § 8150546 Cl4 0V $.5v | .001] 0.11 . X X IX
. X i DD
3,15 | 5150546 . C15 50V 5,5V | ,001] 0,11 X X 1X
: ' X ‘DD
3.16 | 8150546 Clé S0V $.5v | .001)] 0,11 : X X |X
- b. ¢ DID
3.17 | CKROSBX104KP} C17 100V v | .001) 0,05 X XX
X X IX
3.1i8 | 8150546 Ci8 S50V 5.5V [ .001] 9,11 X XX
X DD
CINCUIT ANALYSIS ENGINEERING TOTAL
RELIANUITY (A) MILADEK-217 - :
: @) EET.DATA ' DATE . smeer_l_or_5

3B-12



RELIABSLITY DATA WORKSHEEYS -
sysyem__ ERTS/TC

wame __Video Playback Amp N C Temp: 00 FExilure .
DRAWINGNO. 8350692 ‘Amblest = 46°C (@) Degaded MmobuLe__Playback Amplifier, Video
SCHEMATIC NO. o hn ~ &0C @ Mo Effect SUBMODULE____.. 3
NEXT ASSEM. : - :
. FAIL, WODULE - FAILURT. MODE
ITEM NUMBER CIRCUIT PER RATED | APFLIED RATE STRESS FAILURE EFFECT NON PERFORMANCE
RCA OR MILITARY | SYMBOL STRESS | STRESS RATIO RECORD TPLAYBACK-] SFARCH
UNIT xgé OPEN SHORT | DEGRAD, | Tae .
3.1% | CKROGBX104KP| C19 100V zv | .001] 0,02 X X Ix
. - X X Ix.
3.20 PELETED
3.21 | 8150546 cz1 | sov | 5.5V |.o001] 0.11 X X {xX
X DD
3.22 | 8150546 c22 50V 5.5v [ .o00t] 0.11 X X |x
. X D|D
3,23 | ckrosBx104xP] c23 |  |aoov sv | .001] 0.05 pe X |x
X XX
3.24 | 9150546 cz4 | . 50V 5.5v | .00t} 0.11 X X |x
X D|D
3,25 | CKRO6BX104KPl €25 100V v | ,001) 0,05 X X |x
] . X X | X
3,26 | 8150546 C26 50V 5.5v | .001] 0.11 X X [x
X p|D
3,27 | 8150545 - DL1 100V |<.1v | .05 f<.1 X X{x
X xi{x
3.28 | 8150545 DL2 wov |<.av {05 |<,1 X X | X
- X X |x
3,29 | JAN TX2N23694 Q1 - 360 mw} 8 mw | .020| o022 X X |x
T, 704 Ty=0.14 x X |x
3,30 | JAN TX2N23694 Q3 360mw 8wmw [ .020] ,022 X Xix
T,;0-41770.14 X XX
3.31 | 8150536 u1 680 mw] 80 mw | .o40| n/A [ X x | x
' - X X | X
3.32 | 8150536 vz | 'Lsaomw 80 mw | ,040( N/A x x I1x
X X Ix
8.32 | 8150553 - Us l6somw|80 mw | .oa0f n/a | | x X |X
X X|x
3,33 | 8150536 U4 680 mw|80 mw | .0d0] N/A { X X {x
' X X |x
3.34 | JanzNas10 Q2 600mw| 6mw | .03 .2 X x | x
60 mw X X |x
3.35] JAN2N3810 Q4 600 mw] 6mw | ,03 .2 X XX
1 60 mw X X]X
CIRCUIT ANALYSIS ENGINEERING TOTAL :
REUIABILITY . (A} MIL-HDEK-217 . -
@ EST.DATA DATE SHEET _2 OF _3

3B-13


SCHF.lt

RELIABILITY DATA WORKSHEETS

Mame __Video Playback Amp Temp: 00 Fitue swsTEM __ERTS/TU i
DRAWING NO. 8339692 Amblcat = 46°C )  Degraded sopu e Plavback Amplifier, Video
SCHEMATIC NO, ht - 8T @ NoEMet SUBMODULE__ 3
NEXT ASSEM,
e FM;_ v MODULE FAILURF. MODE.
o [ o S [ [ | [ [ | e s
RCA OR MILITAR i
UNIT b OPEN | SHORT| DEGRAD, [ oo
3.36 | RCROZGF3RIIP| R1 1/4w |25 mw | .001] 0,1 X DlD
X X X
3,37 | RCROTGF301JP| R2 1/4W Jes5mw | ,001] <1 X X 1x
X DiD
3.38 | RCROTGFI00JP| R3 1/4W J<5mw | .001] <.2 . X X X
X DD
3.39 | RJI24CW101JP R4 11/2w |<5mw | .011] <.1 X XX
X X 11X
3.40 | RJ24CW101JP RS 1/2W J<smw [.011] «.1 X X |X
X X X
3.41 { RCROTGF820JP| R6 1/4W |80 mw | .002] 0.33 X X1X
X X X
3.42 | RCROTGF220JP| R7 1/4W [<5mw | .001] <.1 b4 X {X
X X 1X
3.43 | RCROTGF220JP| RS 1/4W [<5mw | ,001] <, 02 X X 1X
: X X |X
3./44 | RCROTGF220JP| R 1/4W |«Smw | .001} .02 X X 1x
X X |X
3.45 | RCROTGF242JP| R10 1/4W |2,6 mw] .001] 0,01 X X |1X
X X |IX
3,46 | RCROTGF3625P| R11 1/4W Smw L001] 0.1 ‘ x Xi1Xx
: X X |X
3.47 | RCRO7GF1023P] R12 1/4W 8 mw| ,001] 0,03 ‘ b.4 X 11X
X X IX
3.48 RNRSSC]OODFP ‘R13" 1/10W | <1 mw] .032] <. 01 X X X
X X |IX
3.49 { RI24CW501 R14 1/2W | <1 mwj .011] 2,01 X X IX
X X |X
3,50 | RCRO7G4T1IP R15 1/4W 10 mw| .001 A0 1 X X |X
X X IX
3.51 { RCROTGF220JP| R16 1/4W | <5 mw]| ,001] <,02 X X IX
X X 1X
3.52 | NOT USED
3.53 | RCROTGF220IP| R1s . 1/4W | <5 mw] .001) <,02 X X |IX
’ X X X
CIRCUST ANALYSIS ENGINEERING _ TOTAL
RELIABILITY (A) MIL-HDBK-217
' ) EST.DATA DATE SHEET_3 _oF _5
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Har.nf.n2

. RELIAMILITY PATA WORKSHEETS

Name __Video Playback Amp Temp: 00 Failare system_ ERTS/TU
DRAWING NO.____ 81350692 Ambicnt = #°C @)  Degraded ' " mopure_ Plavback Amplifier, Video
SCHEMATIC NO. Mt = 60°C {0 NoEffect SUB-MODULE, 3
NEXT ASSEM.
qrY FAIL. MODULE FAILURE MODE
TEM . NUMBER | OROUTT | g | ®ATED | ApvLeD | oo | sTRESS FAILURE EFFECT NON PERFORMANCE
RCA OR MILITARY | SVMBOL- -gTRESS | sTREss % | ramio RECORD JPLAYBACK | SFARCH
~ | T xi0 OFEN | SHORT| DEGRAD. boorndoeryoee oo
3.5¢ | RCRO7GF103JP] R19 o ]1/4w ] <5 mw] ,001] <, 02 X X |x
: B X X1x
3.55 | RCROTGF700JP| R20 1/4W | « 5 mw]| ,001] <.02 X X1X
X - XX
3,56 { RCROTGF331JP| R21 1/4w 3 mw| .001 .01 X X |x
' X X1X
3,57 | RCRO7GF1115P| R22 | 1/4W { <5mw] ,001| <,02 X D|pD
X XX
3,58 | RCRO7GF101JP| R23 1/4W | 40 mw] ,001 .16 X X ]x
X X 1X
3.59 | RCROTGF102JP| R24 1/4W 8 mw| ,001 .03 X X |X
' X XJ]X
3,60 | RCROTGFT50JP| R25 1/4W 14 mw| ,001 .06 X X|X
X X1X
3.6t | RCRO7GF3013P| R26 | {3/4w | 5mw] .001| 02 X D|D
' X X 1X
3,62 | RCROTGF301JP| R27 1/4W smw| .001] ,62 X X (X
' i X D|D
3,63 | RIzacw101 R28 /2w | smw| ,o11] .01 X x | x
X D|D
3.64 | RI24CW102 R29 1/2W 5 mw| ,011 .01 X X | X
X _ X |X
3,65 ] RCROTGF220JP] R30 1/4w 5 mw} . 001 .02 1 X XX
_ X X |x
3,66 | RCROTGF220JP] R31 1/4W 5 mw| ,001} .02 . X XIx
X XX
3,67 RCRO?GF'22QJP R32 1/4W 5 mw| ,001 .02. X X|X
X XX
3.88 | RCROTGF2423Pf R33 1/4W [2.6 mw] .001] .01 X XX
X X|X
3,60 | RcRo7GF362ap| R3a | |1/aw | 3mw| .001] .; X X X
X x|x
3.70 | RCROTGF102JP] R3S 1/4W 8§ mw| ,001 .03 X XX
' ' X X|x
3,71 | RLROTCE20JP ‘R36 | 1/aw 1 mw| ,032] .01 X DID
X Xi1Xx
CIRCUIT ANALYSIS ENGINEERING : TOTAL
- RELIABILITY Ay WILHDBK-NT t o
) ’ SHEET_4__OF _ 3

@ EST.DATA DATE

3B-15



AELIAMLITY DATA WORKSHEETS

sane Video Playback Amp Temp: . 00 Failore SYSTEM ___ ERTS/TL -
DRAWING No.___B35D602 Ambicat = 46 C @) Degraded wobine__Plavhack Amplificr, Video
SCHEMATIC NO. hrt = &0C (0} NoEffect SUB-MODULE, 3
NEXT ASSEM. )
ary - FAIL ~ MODULE "FAILURE. MODE.
i | oy | svvon, | T | sreess | smess | P [ om0 [Tt secoms [Fiaveack] s
RCAORMILITARY | & N
UNIY x OFER |SRORT| DEGRAD. oo o
3.72 | RJ2ACW501 R37 1/2wW 1mw | ,011 .01 X X1X
X X1X
3.73 | RCROTGAT1IP R38 1/4w |10 mw { ,003] .1 ) X X 1Xx
; X XlX
3.74 | RCROTGF220JF] R39 1/4w 5 mw { .00} .02 | X X1Xx
' X X Ix
3.75 | NOT USED R40
3,76 | RCRO7GF220JP| R41 . 1/4w Smw | ,001] ,92 . X X 1Xx
x| X |x
3.77 | RCROTGF102JP| R42 1/24wW | smw | ,001] .02 X X Ix
X XIJXx
3.78 | RCROTGFTS0JP| R43 1/4W Smw | ,001 .62 X X I1X
X X 1X
3,79 [ RCRO7GF331JP| Rd4 - |1 /aw Smw | 001 .02 X X IX
X X 1X
3.80 | RCROTGFIILJP| R45 /4w | 5w | .001] 02 X p[D
: X X [x
3.81 | RCROTGF102JFP} R46 1/4w Smw | 001 .03 b.4 X |X
X X IX
3,82 | RCROTGF101JP{ R47 1/aW |40 mw | .001 16 X X [x
: X X |x
3.83 | RCROTGEF750JP| R48 1/4W {14 mw | .001 .06 b4 X X
X X |IX
CIROVT ANALYSIS ___ ENGINEERING TOTAL
RELIABILITY ' )  MILHDEK-217 - .
- SHEET_S_oOF S __

@ EST.DATA DATE,

3B-16



RELIABILITY DATA WORKSHEETS -

NAME Control T, ach Preamp Temp: 5 Fallue sysTem _ERTS/TU
DRAWING NO,_8350740 Ambicat = 46°C D) Depraded sopure.Control Track/Tach Preamp
SCHEMATIC NO, Pt s 60°C (O NoEffect sup-MoouLE_ 16
NEXT ASSEM.
. po e “WODULE FATLURF, MODF.
TEM NUMBER aReurT | per | RATED | APPLED | oo | sTRESS " FAILURE EFFECT NON PERFORMANCE
RCA OR MILITARY | SYMBOL STRESS | STRESS RATIO - RECORD | FLAYBACK| SEARCH
: i i OVEN | SHORT| DEGRAB. |outTies| Rev [Mss| P,
16,1 .CKROGBX]GSKP Cl 200V } 1v f,e01] <1 X ol o] X| X
X1 0| ¢] D| D
.2 c2 ] oe2v].af <1 | x o] o] x| x
X 0jJ¢] D] D
o3 " C3 " 12v 001 <1 | X 0| ¢y D| D
X o] 0} X| X
.4 c4 ' awl,om]| <1 ] x . olol b|]p
X ¢l 0] X X
16,5] CMOSFD331J03 C5 -] 500V wl.001] <1 X . 0] 0] D| D
X 0] 0] X| X
.6 " Cl10 " IV | 001} =1 X . - ¢} o] D| D
' X : 0] 0] X| X
16,7| CKRO6BX103KP| Cé 200v v |,001] <1 X 0] 0 X| X
: X 04 0] D| D
.8 c1 |. evi.oo1| <1 | x ol o] | D
X elo] x|x
.9 " C8 S 12v | ,001] <1 X . J]ojo] DID
X 0] 0] X1 X
.10 c9 Cavi.001f <1 | X ~ jef{of DfD
X 01 0] X| X
6,11 | CSR13E 156KP C11 20V 2v | 07 .8 X : o] 0] D! D
X 0] 0] X1 X
.12 " _ Cl15 " 1" .025 .4 X 0] o) DI D
’ X o] 0] X X
.13 | CSR13D226KP Cl2 18V | 6.2V | ,025 o4 X oj o] Dl D
X 0] 0] X} X
14 " Cl6 " " .025 .4 X 0] 0f D| D
X1 ¢l 6] X| X
16,15 | CKROGCWI103KE C13 200V | 11,3V] .001]| <1 X 0] 0] DI D
) X 0y 0] X| X
. U " Cl4 o 6,1v | .,001] <,1 X o] ¢ Dj D
X 0 0] X1 X
) 202 .
16,17 | RNRS5CL00L PR Rl AW 1mw] 0021 <,1 X 01 0/ D| D
- X : 0] o] X] X
18 " R2 AW | 1mw] 002] <1 ] X of o] x| x
X 01 0] X| X
CIRCUTT ANALYSIS ENGINEERING TOTAL
RELIAMILITY {A)  MILHDBK-217 '

(%) EST.DATA DATE s sueeT 1_oF _3

3p-17 .



BELIABILITY DATA WORKSHEETS

name Control Track/Tach Preamp Temp: 00  Failure svstem__ ERTS/TU
DRAWING NO.__5350710 * Ambienl = 4°C . (D) Degraded MODULE Control Track/Tach Preamp
. SCHEMATIC NO., art - ‘ooc 0 NoEffect SUB-MODULE 16
NEXT ASSEM,
a FAIL WODULE FAILURL MODE
ITEM NUMBER CQIRCLET PER RATED ] AFPLIED RATE STRESS FAILURE EFFECT NON PERFORMANCE
RCA OR MILITARY | SYMBOL STRESS STRESS RATIO REODRJD_ PLAYBACK | SFARCH
UNTY no OFEN | SHORT| DEGRAD, prw RBV M35 | Po.
.19 R6 Jdw 1mw] 002] <1 ]| x of o] x| x
X ol o] x| x
16,20 [ RNRS5C1001FP| R? AW ) 1mw | L002] <1 | X ol ol x| x
X ol o] x| x
.21 | RCRo7GLO0IP R3 1/4W lwmel], 001 <1 | x o] o] x| x
X o{ of D| D
.22 R4 1mw]|.000f] <1} x ol o] x| x
X ol o] D[ D
.23 R§ 1mw|,001] <1 ] x of o] x| x
X ol o] D| D
.24 " R " 1mw] ,001] <1 | x ) ol of] x| x
X o] of D{ D
.25 R17 S 1mw],001] <1 | X o]l o] x| x
X ' o] o] DpjD
.26 R18 1mw] , 001] <1 | X : o| o] x| x
: X ol o] Dl D
LJB.?.? RNRSSC3162FP] RS W tmw]. 002] <1 | X o] o] DfjD
X ol o] X[ X
.28 " RO 1 1mw|,002] <1 ] X . : o]l o] DD
: X o] o] x| x{
he.29 | RNRS5C1000FP| RIL AW 1mwl. 002} <t | x ol of] x| x|-
X o] o] D| D|
16,30 | RCR20G511JP Rz 1/2wW 2w | ,002] 4] x 0] o] xX{ X
X 0jof D|lD
b6.91 | RCRO7GE20JP 3 1/4W 54 mw] ,001] .21] X 0] o] X| X
X ol o] D|lD
16,32 ] RCROTGLOLJP | R4 1/4W 1mw].001] <1] x o]l o] x| x
X o] o] x| x
.33 "o R16 * imwl.00t| <1 | x o o] x| x
: : X ol o] x| x
.34 » R20 " 1mw]|,001] <1 | X o] of x| x
X o]l ¢] pjpD
16,35 ] RCRO7G123JP RLS 1/4w 1mwi 001] <1 | x |[. o] of X| X
X of o] DpfD
F:s.ss RCR20GGBLIP R21 12w | adtwl,o02f 3| X ol o] x| x
X o0} o] Dl D
CIRCUIT ANALYSIS __ ENGINEERING TOTAL
RELIABILITY (A) MIL-HDBK-217
@)  EST.DATA DATE __SeEeT_2 oF 3

IB-18



RELIARILITY DATA WORKSHEETS

NaME Control Track/Tach Preamp Temp: 0 Failure system _ERTS/TU
DRAWING NO,__ 8359710 Ambient = 46°C D) Depsded sopvee Contrel Track/Tach Preamp
SCHEMATIC NO. Bt = 60°C © No Effecs SUBMODULE__16
NEXT ASSEM, .
puy AL, MODULE FATLURE MODI:
EM NUMBPER CIRCINY PER RATED | APVLIED RATE STRESS FAILURE E¥FECT NON PERFORMANCF.
RCA OR MILITARY [ SYMBOL STRESS STRESS RATIO RECORD | PLAYBACK | SEARCH
UNIT x1os OPEN | SHORT | DEGRAD. |oor e S v Trer [ a
hs, 37| RcroTGTIS00P r22 1/aw | 43w ] .00t .2] X ol o] x| x
X 0f 0] D} D
6,38 | RCRO7GEB2TP RIS 1/aw | tmw|.00k] <1 | x ' ol o] x| x
’ X of of] | D
.031
16,39 | JANTX1IN914 CR1 200mw| 1 mw|] .01 <,1 X oj o¢f D] D
) ] X 0] 0] X1 X
40 " CR2 200w} 1mw].oa | <1 ] x o{ o/ nlbp
X 0] 0] Xy X
16,41 | JANTXING4G CR3 400mw| lmwj .01 <1 X s ] 0 010
X DI O X] X
16,42 M5757/40-010 K1 400mw| 1 mw] .05 1 X o) 0] 0 _ 1}
‘ | X DI o X! X
16,43 | JANTXAN263IB VRL | 300mw| 84 mw | ,013] .28 X o] 0 X| X
: X of D| D
R > " VR3 300mw| 84 mw 018 .28 X 0y 0} X| X
' X 0] 0] D| D
16,45] JANTXINTS3A |. VR2 400mw| B mw| 015 .é X 0] 0] X1 X
: ' X 0] o] Dl D
16.46| 8150533-20 Zt awomw| Bmw[ 04| .2 | x ol of x| x
: : X o] of X| X
.47 " ] Z2 400mw| 78 mw] .04 -2 X 0] o] X| X}
: X 0] of X| X
.48 " 23 400mw| 18 mw|.04 | .2 X X ol o] x| x
: X o] 0f X} X
0251
TOTAL] .484
CIRCUIT ANALYSIS ' ENGINEERING ToraL _ 484
RELIAMILITY ' ' (A) MILHDBK-217 '
@) EST.DATA . DATE SHEET_3 OF _3
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RELEABILITY DATA WORKSHEETS

HAME ; Temp: . 0 Fahre systEw ___ERTS/TU
DRAWING NO.____8359710 _ Amtient = 46°C )  Degrated Mopnge, Aux/Search Precamp
SCHEMATIC NO ant = §0C @  NoEffmi SUS-MODULE, 17
NEXT ASSEM.
' Ty FAIL. MODULE FAILURI MOD¥.
TEM NUMBER et | pen | ®ATED | APRUED } oo | STRESS FAILURE EFFECT NON PERFORMANCE.
RCA OR MILITARY ] SYMBOL STRESS | STRESS RATIO RECORD [eLavBack] skarcH
T xl o |sworT| DEGRAR |t
17,1 1CKOGBXIO5KP C1 S0V 1v .001] <1 X g |jo X
X o110 D
o2 cé S50V 1v L001] <.1 X 0o jo x
X 0 ]0 D
P | " Cc12 S0V 1v -L001] £,1 X 0|0 X
' 1 X 010 D
o4 €17 S0V 1V L001] .1 X1 0|0 X
’ X o lo D
17.5 LCKOGBXIOSKP c2 200V 12v L001] <.1 X o |lo|] D
X 0|0 X
N c3 200V 12v JO01] <.1 X 0 ]0 D
X 0o ]o X
N c? 200v | 12v | ,001] .1 X1 0o D
) X 0 l0 X
.8 c8 200V 12v .001] «.1 X 010 D
- X o o] x
9 C13 200V 12v L001] <. 1" X 0|0 D
X 0] X
J6 Cl4 200V 12v 001] <.1 X 01]o D
X 0 |0 X
1N C18 200V 12v L0011 2.1 X 0]l0 D
X 0]0 X
19 " C19 200vql 12V L001] <1 X 01]o0 D
X 010 X
+13 €24 200V 12v L001] =.1 b4 0 |D 0
X (] X 0
R ; C25 200V 12v 001 <1 X 0|D 0
X 41X 0
A5 C26 200V 12v L001] «.1 X 01D 0
X 01X 0
14 28 200V 12v D0 2 X 01X 0
. X o1D [
1% C29 200V | 12v 001]| «.1 X ) 0 | X 0
’ X ¢ ]|D 0
.lq Cc30 200V 12v ,001] <.1 X 0| X 0
' X 0]D 0
CIROWT ANALYSIS . ENGINEERING - TOTAL
" RELIABILITY ()  MILADBK-217
- @) EST.DATA DATE suEer_ ! _oF _6
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RELIABILITY DATA WORKSHEETS

» Cl;ttleal Part, High Failure Rate,

" NAME . Aux/Search Preamp Temp: - o  Edune system_ ERTS/TU
DRAWING NO. §359710 Ambiant = 46°C ©)  Degraded MODULE__ AUN/Scurch Preamp
SCHEMATIC NO, Pt - e 0% ® NoEfect SUB-MODULE, 17
NEXT ASSEM.
WODULE FAILURE MODF,
qQry FAIL. :
TEM NUMBER ORCUT | per | RATED | Arpuen | o) o T sTRESS FAILURE EFFECT :on ::R:'(;R::NCEF -
RCA OR MILITARY | svmBOL STRESS | STRESS RATIO _ — | RECORD |PLAYBACK] SFARCI
_ uNTr o OFEN | SHORT| 'DEGRAD. oo Rev [Mss | vs.
117, 19& CKROGBX222KPt (4 200V v L0011l 2.1 X [ ] D
X 010 X
20| " Cc? 200V aw | .00| <1 x| 0|0 D
X 0 Q X
17.21 CKROGBX222KF| Cl5 200V 4V J001[ <.1 X G {¢ X
. X o |0 D
22! " c20 200V 4V L001] <.1 b4 010 X
1 X 0|0 D
17,23 CMOSEDSLI0J03 | C§ 200V 1v 001 <1 X ¢ |0 | D
X ¢ o D
.Z4L Clé 200V 1v D0 <1 X [ ] D
- X 0 |0 D
. 2# " c27 200V 1v L0011 <1 X 0 |D 1]
. X 1] ] 0
«26] Cc3z 200V 1v LO01 ) <1 X 0 |D 0
X ¢ |D 0
. 27L CMO5FD101J03 | C1l0 500V w L0014 <.1 X D |0 3]
: X 0o |0 D
17, 23L " C21 500V v 001 <,1 X 0 |0 D
’ X 0 _ 1} D
«29 CSR13CIGKP | C22 10V 8V 075 . N X 0 jo D
X 0 |0 X
«30 CKROSBX10ZKP| (23 200V v L0011 <,1 X 0 | X 1]
X 9 |D 0
«31 CKRO6BX332KP] C31 200V v 00 <1 X _ g (D 0
‘ X o x| o
.SA CSR13E156KP C11 20V 12v 0I5t .8 X [ 1) b.4
X 030 D
.39 " 33 20v | 12v |,015] .6 | x o [x| o
' ' X 0 D 0.
. 34L CSR13C396KP C34 10V 6V .073] .6 X 0 IX 1]
: X 0 |D 0
17,39 RNRG5C1001FP{ Rl AW lmw | .002] <,1 X 0 |o X
X 0 ]0 X
.34 RS aw | 1mwl.eez] <2 | x o lo ]| x
' ' X 0 |o X
CIRCUIT ANALYSES ENGINEERING TOTAL
REUABILITY (A)  MILHDBK-217
) EST.DATA DATE SHEFT_ 2 _oOF _&
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RELIABILITY DATA WORKSHEETS

wamp__Aux/Scarch Precamp Fermy: 00 Falluee svsten___ ERTS/TU
DRAWING NO. 8359710 Ambicot = 46°C M) Degraded sopuLe_Aux/Scarch Preamp
SCHEMATIC RO.- o Part - ‘o.c {0)  No Effect SUBR-MODULE 17
NEXT ASSEM, )
o FAIL MODULE FAILURE MODF,
TEM NUMBER OROUT | e | RATED | APFLIED | o o | STRESS FAILURE EFFECT NON PERFORMANCE.
RCAOR MILITARY | SYMBOL STRESS | STRESS RATIO  RECORD | PLAYBACK | SEARCH
i dl . OFEN |SHORT| DEGRAD. [ororoslwav [Mss| P
17.217 R? AW 1 mw| .002] <.1 X o |o X
X o o X
.33 R14 LW 1 mw| .002| <.1 X 0o ]o X
' X o |o X
Lagf - R19 AW 1 mw] 002] <.2 X o fo X
: . X 0o |o X
a0l ' R20 AW 1ww].002] <1 | x I o o] x
' X o |o X
L4l i R27 LW 1 mw| ,002] <.1 X o [X] o
‘ X - o |xX | o
a0 R32 AW | 1mw|.002f <2 | x o o [x] o
: X o |xX] o
43 R33 AW 25 mw| ,003] .4 X . o |[X} o
X o [X | o
17.44] RNR55C5111FP} R2 AW 5 mw}] ,002} <.1 X : 0 jo | X
' X o o X
.45 " R15 AW s mw| ,002] <.1 X : o [0 X
: X o |o X
. " R28 AW 5 mw| ,002] <.1 X o [x1] o
X ¢ [X[ o
17.47 RCRO7G100JP | R3 174w | 10 mw} .001] .1 X 0o o X
X 0o |o D
.48 R4 1/4W | 10 mw| ,001} .1 X 0 ]o X
X 0o o D
A9 R8 1/4W | 10 mw]| .001] .t X 0 Jo X
X o o D
+50 " R9 1/4W | 10 mw} ,001] .1 X o |0 X
_ X : o |o D
1 | R21 1/4W | 10 mw{ ,001| .1 X 0 |0 X
: X o |0 D
ﬁ R22 1/4W | 10 mw| 001 .1 X o o] x
X 0o1lo D
17.33 RCRO7G100JP | R29 AW 10 mw| 001} .1 X o |X| o
: "X o |[D}| o
.54 R30 AW 10 mw| 001 .1 X o |[x{ o
: X o[D{ o
CIRCUFT ANALYSIS, ENGINEERING TOTAL
RELIABILITY (A} MILWDSK-217
&) EST.DATA DATE sreEr_3__oF _6 |
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NAME __Aux/Scarch Prean

RELIABILITY DATA WORKSHEETS

SYSTEM ERTS/TU

Temp: o 00 Fallure
DRAWING NO. 8359710 Ambient = 46°C ©)  Degraded MopuLE_Aux/Search Preamyp
SCHEMATIC NO. fart - §0C {0)  No Effect SUB-MODULE, 17 -
NEXT ASSEM. ' )
qry FAIL. : MODULE FaII:URIi MODF.
ITEM NUMBER CIROUIT | g | RATED | APPLIED | oo | STRESS FAILURE EFFECT NON PERFORMANCE,
CA OR MILITARY | SYMBOL STRESS | STRESS 5 | RATIO RECORD | PLAYHACK| SEARCH
RCAOR _ unrT *10 OFEN | SHORT| DEGRAR, opeTiiceToev [Mss|  Po.
17.54RCRo7GI00JP | R34 1w 10 mw| ,001f .1 X o |X] o
X o|D] o
.56 'R35 1w 10 mw{ ,001] .1 X 0 |x]| o
X o|D]| o
17,5 RNRS5C2152FP | RS AW 10,8 mwl L002] <1 X ofo D
X ¢ |o X
.59 R10 JAW [ 0.8 mw] ,002] .1 X ¢ |o D
- X o |o ]
.59 " R18 AW fo,8 mw| L002] <1 X 010 D
' X o jo X
« 60§ R23 AW (0.8 mw| ,002] <.1 X L) D
. X 0 |o | x
17, 61jRCR07G202JP Ril 1/4w | 18 mw| ,001] <.1. X o |o D
: X oo X
.GJ " R24 1/aw | 18 mw| .001] <1 | x o o] D
X 0 ]o X
R I R37 1/aw | 18 mw] 001 <1 | x o [D| o
. X ¢ |x] o
17,64RNR55C1000FP | R12 AW | 10 mwl L002] .1 X o |o X
X oo D
. " R25 LW 10 mw] ,002| .1 X o |o X
X o |o D
.66 " R38 AW 10 mw| ,002] .1 X 0 {x]| o
X o |D{| o
17,67 RCROTGL00JP | R16 AW 10 mw| .001] .1 X ¢ |o X
' X 0 |o D
.64 " R17 JIW 10 mw| ,001| .1 X o ]o ]| x
X o Jo D
17.69 RCR32G301JP R13 W 330 mw| .o02] .23 X o |o X
_ X o |o D
17.7oiacnzoc47o‘rp "R26 1/2w | 86 mw| 002 .2 | X o o | x
X 0 |o D
17, 7| RNRS5C5112FP | R31 AW S mw| 002} <1 X 0 |p]| o
: X o |x| o
11.7JRNR55C3162FP R36 JAw LSomwl ,002] <.1 X o |p| o
' X o |x1] o
CIRCUIT ANALYSIS ENGINEERING TOTAL
RELIARILITY . tA)  MLHDBK-217
: (B) EST.DATA DATE smeer_4 _oF _8
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inp.no

RELIABILITY DATA WORKSHEETS

NaMe___ Aux/Scarch Preamp Temp: . 00 Faituee system__ERTS/TU
DRAWING NO. 8359710 Ambicot = 45 C (B} Degraded soouLe_Aux/Search Preamp
SCHEMATIC NO. Pt = 60C ) Mo Efect SUB-MODULE, 17
NEXT ASSEM.
v FAIL. MODULE FAILURE SODF,
mow | | N v | Sveor | TR | svmess | sraess | PAE N aamo [T T ——tscoRb [PLAYBAK ] SEARCH
RCA OR MILITAR 10 4
) hold * OFEN | SHORT | DEGRAR. IoroTass| wov [Mss|  PB.
17, 73 RCR20G431JP R39 1/2w |230 mw| .003| .46 X o Ix1 o
X 0 D [+]
17. T4 RCROTGG20J P R40 1/4W 64 mw| , 0021 .25 X 0 | X 0
X 0 D 0
17. 79 M5757/40-005 | Ki 1A 1.8 mAf .05 | <1 X X |0 0
X X1]o 0
17,7 JANTXING14 CR1 1100mw| 1mw| .01 1 -1 X . o lo D
X g 10 X
T CR2 100mwf 1 mw] .01 | .1 X g |0 D
X 01]0 X
. T CR3 100mw| Imw|] .01 | 1 X 0 jo D
X 0 o X
. 7911 CR4 100mw| 1 mw| 01 | -1 X 0 10 D
X 0 ]0O X
.Bq CRS 100mw| 1mw] .01 | <.} X 0 |D 0
’ X 01X 0
« 81 CR6 100mw| 1 mw| .01 | <.1 X 01D 0
X 01X 0
17,82 JANTXING4S CR7 . LHE]’..AY COIL sSypPP,01 .1 X 0 |D 0
: X 0 |D 0
L83 JANTXIN9SGIB VR1 100mw| 1 mw| ,018] ,28 X o |0 3]
. X 0o |l0 X
. Mr " VR3 100mw] 1 mw| .025] .4 X 0 |D 0
X 01X 0
B8 JANTXINT53A VR2 100mw] 1 mw| .015] .26 X olo D
. X 0|0 X
.84 - " VR4 100mw] 1mw| ,02] .3 X 0 |D 0
- X 0| X 0
17,87 8150533-10 zZ1 100mw] 1mw| .04 | .4 X 0|0 X
X 010 X
«84 4] 100mw] 1 mw| .04 4 X [ ] X
X o]0 X
.84 zZ3 100mw] 1 mw| .04] .4 b's ofjo] x
: X 010 X
.94 Za 100mw| 1mw] .04] .4 X 910 X
X 0J]o X
CIRCUIT ANALYSES ENGINEERING TOTAL
RELIARILITY (A)  MILHDBK-207 -
® EST.DATA DATE SHEET 5 _OF _6
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RELIARILITY DATA WORKSHEETS

NAME _ Aux/Search Preanyp Temp: 00  Failure sysyem  ERTS/TU
DRAWING NO. 8339710 Ambicnt = #6°C D)  Degaded MODULE___AWX/Search Preamp
SCHEMATIC NO. Fart = s0°c (M  NoEfect SUBMODULE___~__: 17
NEXT ASSEM, '
oY | ra WODULE FAILURE MODE;
— NUMBER CORCUIT | pep | RATED | APPLIED | o0 | STRESS FAILURE EFFECT NON PERFORMANCE
RCA OR MILITARY | SYMDOL (v { STRESS | STRESS | .6 | RATIO RECORD | PLAYBACK ] SFarclt
UN x OPEN | SHORT| DEGRAD. [oomcet o
17,91 8150353310 5 00 mw| 1mw | .04 ] .4 X o |{X| o
X 01X 0
.92 "o ¥A J 00 mw| 1 mw | ,04 .4 X G | X 0
X ¢ | X 0
.08
TOTAL| .835
CIRCUIT ANALYSES ENGINEERING TOTAL
RELIABILITY . (A) MILHDBK-217 :
@) . EST.DATA DATE SHEET_6 or _6




RELIABILITY PATA WORKSHEETS

naMe _Motor/Solenold Switch Temp: 00 Failere system _ERTS/TU
DRAWING NO. Ambieat » «:c @)  Degraded _Mm_qm_sgtch
SCHEMATIC NO. Purt * C {® NoEffert SUB-MODULE,
NEXT ASSEM.
: Y FAIL. MODULE FAILURE MODE.
o | e | Sy | | | | s e e
RCAORMILITARY | v FIRES { OFEN [SHORT| DEGRAD. [oooTossl nec. | v, [REC.] P8.] P
18.1 | CSR13GATS5KP C1 S0V | 24.5V | .4 .5 X XX XI1X|X X X
X XX X1X¥X|X X X
.2 | CSR13G106KP c2 S50V 20V | .04 "1 X X)X X1X |X X X
_ X x|x|x[x|x|[x] x
hs.s |Rcro7GiorisP | R1 174w | 17mef 001|<.1 | X x|lx|x|x|x x| X
X DIDlID|DI|D D b
.4 [RNR55C2870FP| R2 1/10W| 20 mwf .003] .2 X XIX|X|x|X X X
X XI1X1 X |1 X |X X .4
.5 | RCRO7G331JP R3 f1/2w | 132 mw .002 +3 X XI1X1 X |X X X X
. X D{PJDI|D|D D D
.6 [RCRO7G221JP | R4 1/4W £8 mw{ .002 LA8fF X X{X]1 X X X X X
X XXX X |X X X
.7 | RCRO7GLI02JP RS 1W] .44W | 003 A4 X XXX J]JX X X X
X X1X]1 XX }X X X
.8 | RCR20G220JP R6 2-1/2W .78 002 .3 X X{X1 X |x|X X X
b X XI1XI XXX X X
.9 { RCROTG103JP R7 1/4W- 25 mw .001 .1 X XXX |X|X X X
i X X[XI X |X|X X X
.10 | RCROTGL03JIP RS 1/4W - 001 < .1 X OOl OO |O Q 0
. X ojojo 0|0 O 0
.11 | RCR07G392JP R14 1/4W 2mw .001]{< .1 X XXX XX X X
X pip{p|piD |D D
.12 | RCRO7G392JP R1S 1/4W 1mw .001)< .1 X XIXI XXX X X
’ X DDl DD |D D D
13 | RCRO7G392JP R11 1/10w 2 mw .801|< .1 X XIXlX X | X X X
X D|D|D|D|D D D
.14 | RNR55C4641 FP R19 1/10W1.2mw | .002]l< 1 X XX XX |X X X
i X DIDI D |D|D D D
15 | RNR55C1332FP RY 1/10W] 36 mw .003 A8 X XIX{x1x1x X X
X XIX{X{X]|X | X X
.16 { RNRS5C1472FP R12 1/10W]2.1 mw | .003 .2 X XX X1X|Xx X X
X D|ID] DD |D D D
.17 { RNR55C2872FP R13 1/10W{ Tmw| .002]|< .1 X XXX | XX X X
X DIl DI|DID D D
18.18 | JANTXING4S CR1 DELETED
«19 | JANTXING4S CR3 400 m 40 my .01 .1 X D|D|D|D|D D D
- X D|D|D|D|D D D
.20 | FANTXING4S CRS 400 m 40 mw .01 .1 X PID| D|D}|D D D
X DID| DD D D D
18,21 | JANTXING45 CRT 400 mwi 40 mw .01 .1 X Dlp| DD D D D
X XI1X| X |1X|X X X
22 CR13 400 m 40 mv| .01 .1 X DID| DD |D D D
X DID{D]D|D D D
.23 | JANTXING45 CR18 400 m 40my .01 |< .1 X biDpjD{D|D D b
‘ X XjXjixXxXj1x|x X X
24 CR17 400 muwt 40my .01 |< .1 X DD DID D D D
X DIDID|D|D D D
18.25 1 JANTXIN4970 CR2 DELETED
26 CR4 500 mw 132 mw} .02 S.1 X PIDl P]D|D D D
:] X X|X]I X]1X|X X X
«27 | JANTXIN4970 CR6 500 mw 132 mw .02 3 X D|D]DI|D|D D D
i XI|IXI XXX | X X
CIRCUIT ANALYSIS ENGINEERING Tora _-118
RELIABILITY (A  MLIDBK-217
G) EST.DATA DATE sHeer_1 oF _2_
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REUABILITY DATA WORKSHEETS

Nasz _ Motor/Solenold Switch Temp: o) Fallure system_ ERTS/TU
DRAWING NO, ' Ambient = 46°C @) Degrsded MODULE._Motor/Solenoid Switch
SCHEMATIC NO., B = 60°C (©  No Effect SUB-MODULE, 18
NEXT ASSEM,
| ary FAIL. MODULE FAILURE MODF.
ITEM NUMBER QRCUAIT PER RATED ]| APPLIED RATE STRESS FAILURE EFFECT NON PERFORMA:IS:. SFaR:C_H_.
b1 R ARY STRESS STRESS -5 RECO PLAYBACK -
CAOR KLY SYupoL il B x1e rAmO GPEN | SHORT PEGRAD, RBY '::S)S REC. | PB. I REC. | P.B. pB.
.28 CR12 500mwM132mw] .02 .3 | x pfpjp |D|ID D) D
_ X xIxix |x]|x({x X
.29 CR14 500 me132me] 02 | .3 | x plpljp|D|D |D D
' : X XiX|x {x{x |Xx X
18.30| JANTX4958 CR8 1.5W | .34w | .02 25 x pip]lp |D|D |D D
' : X plop{p |D|D ID D
.31 CRo Trsw | .3ew | .02 25 x plplp|D|DP |D D
= ' X pl|plp|D|D |D D
32| JANTX4958 cr1o| - Ji.sw | 3w | .02 25 x pip|p{p{D |D D
_ ' x plp|DpiDp|D |D D
a3 CR11 1.5W | .34w | .02 25] x . pip|Dp|D|D |D D
- : X plpi{p|p|D |D D
.34] JANTXIN3191 cris|  |750mw 150 mw] .035] .2 | x plpip|p]lp D D
: X xIx|x1xlx |x X
18.35) 8150555-1 K1 750 mw 150 mwj .05 21 x xIx|x{x|x|x X
- ' X xixlx1x|x |x X
.38] K2 750mwi 150mw] .05 | .2 | X xlx|x{x|x |x X
_ X xfixixfx|x (x] Xx
87 K3 750 mw 150 mww .05 2| x X|xix|x|x |x X
X x|xIx|xix|x X
.38} 8150555-1 K4 750 mv{ 150 mw{ .05 2| x x|x| x| Xlx |x X
‘ ' X xlx|x]x|x|x X
.39 K6 750 mw 150 mw] .05 2| x x|xix|xix |x X
. ' X xlxl[xIx{x|[x X
.40 M5757/40-005. | K7 760 mw 150 mw] .05 2| x x x| x1x|x|x X
X x| xix|x|[Xx X
18.41| JANTX2N290TA] @ 1.8W | 4miv] .02 < .2 | X . . XX xiX|x | X b4
g l X x|x]x|xix|x]| x
.42| JANTX2NZ219A| Q2 3.0W | 2.2my .02 |< .1 | X x|xfx|xix|x X
' X X|xI x| x|x|x X
.43| 8150549-1 Q3 5.0W [.22mw| 02 [< .1 | X x|x|x|x]|x|x X
_ : X x[x|x{x|x|[|Xx X
408 -
TOTAL| .693
CIRCURT ANALYSIS ENGINEERING TOTAL
RELIAMUTY (A} MILHDBK-217 2 2
" ' M) EST.DATA BATE SHEET____OF __—
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APPENDIX 3C
RECORD AMPLIFIER
ECAP DC ANALYSIS

201



L}
82
B3
1
As
LY
A?
L]
.13
810
LB R
a2
813
Bl4
rLs
30
n?
niA
R19
820
- B21
a22
n23
n24
n2s
n26
n27
n28
n2e
T1
T2
13
T4
TS
16
™

WORSY CASE SOLUTIONS FnR

NODE
1

' 1
1

1

DC ANALYS]S

SCHEM EQUIV TU Q2 AND PARTIAL 01
ERTS RECORD AMPLTF, N, MALY:AUG,L9,19489
Re350{,1 ), Evw,bl~,5:=,T)

N(D »3 )»
N(1523 )
Mi3 1 ),
N{D 22 )
Nl »0 )
N(O 24 )
N{lbs4 ).
Ni4 21 )
N{l&s5 )
Ni{l13s5 )
N(5 20 )
N(D »13),
N{S .6 ),
N{T s6 )
N{O 27 )»
N{l4s8 )»
N(D 214),
N{B 212},
N{T 29 }»
N{1029 }»
ME9 50 )2
Ni{lL1,9 )
N{O »1%),
N(11,12).
- N{2 215)s
N{Z »16),
N{12,0 ).
N{& 28 )»
N(D »10),
Bil 22 )»
Bi{6 »7T X»
A{% +]10),
R{13,16),
Bil6s28),
B{19s,20),
B{22s26},
WORST CASE

RalE4t,1 )
RelE3{,15)

As1,3E3(,15),E222(20,8,23,2)

Red,81€3(,15),E=22(20,8,23,2)
Ra3%0(,1 ) JEm=,b(=,5,=,7)

RelE4t,1 )
Ral1E3¢{,15])
R8350{.1 ’
RelE&t,} )
Red TE3(,15
Reldot,13%)
A=3%0¢{,! )
RuiPat,) )
RalE3({,13) » E»2

i E--.bt-}Ss-.7)

) .
s Em22120,8,23,2)
» E.ﬁ.&".’,'.?,

2¢(20,8,23,2)

RedS0{,1 ) » Eomyb{=,5,~,7}

Re100¢(,15%)
R=283(,06)
Ra350(,1 }
RelE&(,1 )

53602‘007,
E".b(”;sl‘o7,

Aed,0E3({,15) .

Re850(,1l}
Re&0T(. 15y »
RalEd(,1)
Re1EI,15)
Rs1€3(,1%)
ReZEILLL5Y
Re1E6(,] )
Rs100(,15)
BETAeTDI18,210)
BETASTD(15,210)
BETARTO(15,210)
BETAeTO(15,210)
BETAsTOI1%,210)
RETA=sTD(15,210)

E"ob{-QS:'ZY!
E=22{20,8,23,2)

EIZZlZO.G}ZS.Z)
En22(20.,8,23,2}

BETAR200{100,300}

PRINY,wORST CASE

EXECUTE

WCMIN

PARTIAL W,R,T,

PARTIAL w,R,Y,

PARTIAL w,R,T.

PARTIAL W,R,T,

NOMINAL

NDDE VALTAGES

WEMAX

R 1 HAS CHANGED SIGN AT MAX

R & HAS CHANGED SIGN AT MaAX

T 1 HAS CHANGED SIGN AT MAX

T 2 HAS CHANGED SIGN AT MAX

3c-1. &



PARTIAL W R, 7y R 1}

PARTIAL WsR, Ty R &

PARTIAL WeR, T, T 1

PARTIAL W,R, T, T 2
0s13165991E 02

PARTIAL W,R,T, R 1
PARTIAL WoR,T. R &
PARTIAL WeR,T, T

PARTIAL W,R, T, T 2
“Q.0438B0OTE 00

PARTIAL WeR,T, R 1

PARTIAL WeR . T R &

PARTIAL W,R,T. T 1}

PARTIAL WoR.Ts T 2
| 0.84406133E 00

PARTIAL wW,R, T, R &

PARTIAL W,R. T, T 2
0.92709370€ 01
PARTIAL W4R,T. R &

PARTIAL W.,R.Te T 2
0,85400124€ 01

PARTIAL Wk, Ty R &

PARTIAL W,R,T, R 34

PARTIAL W,R, T, T 2
0:15404556E 02
PARTIAL w,R,Te R &

3C-2

HAS CHANGED SIGN
HAS CHANGED SIGN
HAS CHANGED SION

HAS CHANGED SIGN
0,1&6737320F 02

HAS CHANGED SICN
HAS CHANGED SIGN
HAS CHANGED SIGN

HAS CHANGED SIGN
«0,6023T426€ 00
HAS CHMANGED SICN

HAS CHANGED SIGN
HAS CHANGED SIGN

HAS CHANGED SICGMN
~0,6023099%¢ 00
Ha$ CHANGED S1GN

HAS CHANGED SIGN
0,14089935E 02
HAS CHANGED SIGN

HAS CHANGED SIGN
0.13469787€ 02
HAS CMANGED SIGN

HAS CHANGED SIGN

HAS CHANGED SIGN
0,18236069%9€ 02
HAS CHANGEO SIGN

AY

AT

AT

AT

AT

AT

AT

AY

AT

AT

AT

AT

AT

AT

AY

AT

AT

AT

AY

AY

HAX

MAX

MAX

MAX
0.19591278p 02

MAX
MAX
MAX

MAX
~0.599001200 00
MAX

MAY
MAN

HAX
~0.39900%230 00
MAX

MAX
0.1706%2472D 02

MAM

MAX
0.170307380 02
MIN

MIN

MIN

1

0.20654%5050 02
MAX



10

10

10
11

11

11

11

11
11
12

12
12

13

13
13
4

14
14

15

PARTIAL w,R, T, T 2
D+498022313E 01

PARTIAL HeR, T, R [
PARTIAL w,R, T, R 14

PARTIAL WoR,T. T 2
" Del4TIBBISE (2

PARTIAL w,R, T4 R &
PARTIAL wo P, Te R 14

PARTIAL weR, T, T 2
D.201089328 02

PARTIAL W R, T, R A
PARTIAL wW.R,T, R.lé
PARTIAL W,R,T, T 2
PARTIAL WeR, T, R 24

PARTIAL w R, T, T 7
0.,15340083¢k 02

PARTIAL weR,.Ts R &

PARTIAL W.R,T. T 2
~0,77ISS003E 0}

PARTIAL W.R,T, R &

PARTIAL weR, T, T 2

0.20250717€ 02

PARTIAL W, R, T, R 4

PARTTAL WeR, T, T 2
0.57232199E 01

PARTIAL Y.R,T. R 1

HAS CHWANGED SIGN
0,55809488EF 01

HAS CHANGED SIGN
HAS CHANGED SIGN

HAS CHWANGED SIGN
N,17615845F N2
HaS CHANGED SIGN

HAS CHWANGED SIGN

MAS CHANGEN SIGN
0.21556168¢ 02

HAS CHANGED SIGN
HAS CHANGED SIGN
HAS CHAMGED SIGN
HAS CHANGED SIGN

HAS CHANGED SIGN
" 0.,1R223160F 02

MAS CHANGED SIGN

HAS CHANGEN SIGN
=0,200828456€ 01
HAS CHANGEDR SIGN

HAS CHANGED SIGN
0,21698883F 02
HAS CHANGED SIGN

HAS CWANGED SIGN
0,61957655€ 01
HAS CHWANGER S1GHN

AT

AT
AT

AT

AY

AT

AY

AT

AT

AT

AT

AT

AT

AY

AT

AT

AT

AT

AT

MAX

 0.60333258p 01

MIN
MIN

MIN
0.2n067T718D 02

MAX
MAX

MAx

0.272938n14D 02

MIN
H1Y
M]w
MAYX

MAX
0.206%0%93p 02

MA %

MAX
0.31989716D 01

“iN

MIy
0.220%3%53p 02
MA X
MAX
0.663389588p0 01

MAX

3C-3



1% PARTIAL W,R, T, T 1 “AS CHANGED SIGN AT MAX

15 0.99815989E 01 0,14729260F 02 0.1R826484850 02

16 PARTIAL w.R,T¢ R & HAS CHANGED SIGN AT MAX

16 PARTIAL w,,R, T, T 2 HAS CHANGED SIGN AT MAX

16 0.99100208€ 01  0,16697183F 02 0.1A236475D 02

- 3C-4
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81
82
a3
B4
L}
né
87
o
89

T2

DC ANALYSIS

SCHEM,EQUIV TO Q3 AND Q4
ERTS RECORD AMPLIFIER
PC 2670, AUG.20,1949

N " "‘LY’

N{1
N(2
N{2
N(3
N(O
N(3
N(S
N(4

N(5

20
21
23
20
*2
2h
s
20
20

)»
L
),

3,

} Y
)
1 )
)

| P

Re1E3, Es-2,0(-7.73,3,19)
R"’l‘ ll ’) E"’obt'c’l".?’
ReiEd(,}))

RetEX(.15), E®22(20,8,23,2)
Re3ES(,15), Em22(20,8,23.2)
R=351¢,1), Enweb(=e3,~,7)
RelEd(,1)}

R2247(.15), Ew22(21,8,23.2)
R=10

B(Z 23 )»
B(G 27 )»
WORSY CASE

EXECUTE

WORST CASE SOLUTIONS

NODE

W W N

3C-6

WCMIN

~0¢31731208E
-0.28677872E€

-0420287231E
~0,20953018E
»0e651310101E

BETA=200(100,300)
BETA#100(50,200)

PRINT,WORST CASE

FAR NODE VOLTAGES

NOMINAL
01 0.20229620E€ 01
01 0.26310234E 0]
02 -0,18773222€ 02
02 ~0,16445724€ 02
oo ~-0,22280300F 00

WCMAX

0.77671411D 01
0,83814640D0 01
~0.94521640D 01
=0.10115402D 02
~0.35541974D-01
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Required signal swing:

f Xy, |z} glzl(v-p) |

9 MHz 57 61 5.5 5 5
16 MHz 100 105 9.4 | Z)= JX.L - X + R
12 MHz 75 78 7.0 -

Worst Case Limiting due to Vz

V, = V, - Tma (R) = 20.8 -.075 (115) = 12.2V

Pulsed

For 2N2222 S = 100atI=150 ma 10V
B= 7atl= 10ma 10V
Asgume B= 75atI=100ma W.C. Temp.

». Required Base drive TB = I5ma _ 1.0ma

75
20.8 ~16.8 _ 4.0 _
TRoa =~ 2.3k " 2.3 ~ 1-Toma
i 20.8-[12;2-VCE + VBE] 80 _ s 5ma Full TM
IRos = 2.3 = 2.3 ' NO FM

PEAK
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v)=22(20.8, 23.2)

Io: 'S0 MA PTOP
P> 7sma P

SOMA PTOP

—_
l 1:3 31
22
| 2 e lpuh 9.2uh

ROT HE
= RECORD X FORM

Figure 3C-4 RECORDING AMPLIFIER - REGULATORS Q6 OR Q7

3C-10



APPENDIX 3D

RECORD AMPLIFIER ECAP AC ANALYSIS

An ac ECAP model (see Figure 3D-1) representing Q4 through Q8 and Q9 with
a 1 microhenry load was used to analyze a gain and phase hehavior of the main sec-
tion of the record amplifier, The results representing the output at node 8 of the
circuit b are shown in Figure 15,

Both gain and the phase of the record amplifier as per results of the ECAP ac
analysis are considered proper for an optimum performance. However, in reality
there is a stray and wiring capacity which exist at the load. These have been proper-
ly compensated by experimental means to achieve a4 maximum phase linearity.
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L3}
"2
A3
&4
L}
Bé
A7
L1
A9
nlo
a1l
a12
A3
alé
al1s
3]
sl7
AlA
nlY
azn
T1
T2
T3

FREQ =

MAG
pHA

MAG
" PHA

MAG
PHA

3D-2

AC ANALYS1S

ERTS RECDRD AMPLIEIER Q4

N MALY 2 AUG 4239
M{Y #0 )

N2 »1 }»

N{2 23 )»

N(O 22 }»

N{3 »0 )

N(3 44 s

MG 26 Y}

N(5 s4 )2

Ni{e 20 Js

NE& 20 )»

N(D 25 )»

NS »T )

NIO »7 )»

N(T7 #8 )»

N(B »11)s

N{9 20 )

Nt& »10)»
N{10»2 )
NI{10s0 )2
N{1129 J»
Ri223)»
Ri{ByBYe
Al12s13)»
FREQUENCY=1E4
PRINT,VOLTAGES
EXECUTE

0,9999%922F

NODES

1969

THROUGH LOAD

R=1E3, Es],0/0

Rn350
ReiEd
RuB3EY
As1EY
Ra350
Rua?
RwlE4
Re200
te2,2E~6
L=1E=3
Rag0
Re1Eé
Rel,D
Ra22
LelE=b
RalE}
Csyif=b
A=1E3
Lw,1E=~b
BETARSD
BETAeSD
BETAaS0E]

O&

NMODE VOLTAGES

1- 4 D.9%981994E 0O 0.94560468E
-0,17873000E 03 -0.17826109E

5- 8 D0.1708

987T2E 01

0.20039079E

=0,11321317¢ 03 -0.111123258¢

9~ 11 D.66TH602296~03 0.11403342E
0,586298008 D2 -0.16617T40E

o0 0.,15157909E
03 “0.30766048F

00 0,17089834E
03 -0,11321371E

ol  0.16903906E
03 «0,12147015E

Iwh s

01 0.132653718 01
02 -0.31890392E o2

01 0.1T7064T62E 01
03 ~0,11352697€ 03

ol
03
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MADIFY
EREQUENCY=2£41(2) 40,9688
EXECUTE

EREQ = 0,19999980E 03

NODES NDDE VOLTAGES

WMAG 1= 4 0,9832903TE 00 0.9775T053€ 00
PHA -D,170667T83E 03 -0,1T81906TE 03

MAG S~ g 9,21331434F 01 0,62623501E-0)
PHA ~0.14413483E 03 -0,1430B422E 03

HAG 9= 11 0,32209069E~02 ©,10664358E 01
PHA D.197064712€ 22 -0.1T7646138E 03

FREQ = 0,39999969E 05

NDDES HODE VOLTAGES

MAG 1- 4 0,99355328€ 00 0.99134320F 00
PHA -0,17919998E 03 -0.17891751E 03

MAG 8- 8 D,22823982E 51 0.16752444E-01
PHA ~0,16091965E 03 -0.16036671E 03

MAG 9= 11 0,12533588E=01" 0,10178423E 0]
PHA =0,11111989E 02 -n,1T?21%373E 0)

FREQ = 0,79990938E 035

NDDES NODE VOLTAGES

MAG 1 & D0,99662650F 00 0.995¢5894E 00
PHA «0,1793T430E 53 .0.17942464E 03

MAG S- 8 0,235T414F 01 0,43254942€-02
PHA «~D,169836343E 03 .0,.16923552E o3

MAG 9= 11 0,.393656%8%E-01 0.1002%129E ol
PHA ~0,39433533E 02 ~0,1T972697E 03

3D-4

0.936356638E
=0,5TA6T432E

0.21331310€E

D,204TH268E
~0,16029524E

0.49962056E
~0,7262T803E

D,22R293N02E
=0,16091728E

D, 1FT1TLROE
0,16R68800E

0,25783401E
=0,80n96909E

0,23573389E
=0.1695652%E

0.151867n1E
0,16056644F

00
02

o1
03

ol
03

00
02

0l
03

0}
03

00
02

01
03

01
03

0.,81737339E
=0,58513779¢

0,21248827E
-0, 14481 T98E

0.43504114E
=0, T300T535E

0.,22564039€
~0.16201086E

0,2268TOTSE
=0, B0596664E

0,2296T100¢
~0.170082784E

80 -
o2

01
03

00
02

ol
03

0c
o2

[+] 1
03



NODES NNOE VOLTAGES

MAG 1~ & 0,9973526410 20 0.99646417E 00
PHA «0,17978101E 93 -0.179T0413F O)

MAG S« B 0,240321M3F 01 0.11023143F~02
PHA ~0,17448356F 03 -0,1T418423E 03

MAE 9= 11 0,97844481E-01 0.99847907F 00
PHA ~0,63221268F 02 -0.17981975E 03

FREQ = 0,31999949E 0b

NODES ' NODE VOLTAGES

MAG l= 4 D,99T7T81208 00 0.99T005TOE 00
PHA =0,17986936F 03 -0,179850%1¢ 03

MAG 5= 8 D0.,24210T11E 01 0.27764050E-02
PHA «0,17732329E 03 .0,17694933F 03

MAG 9- 11 0Q,209T7B2728 00 0.99746424E€ 00
PHA -0.T9083T94E 02 -0,17994182E 03

FREQ = 0,839999350F 06

MODES NODE VOLTAGES

MAG 1= 4 0.99704839F D0 0.99T09364E 00

MAG 5o 8 0,26238187FE 01 0.695)190B0E-04
PHA ~0,)TB9$71BE 03 ~0.17834499F 03

MAG 9~ 11 0,42257303¢ 00 0,997210668E 00
PHA ~0,9281428588 02 -0,1799T110E 03

FREQ = 0,12799990F 07

NDOES NODE VOLTAGES

MAC 1= 4 0,99708655GE 00 0.99711859E 00
PHA ~0,17997220F 03 -0,1T996242E 03

0. 13140243E 00
~D,840T3638¢ 02

0,24030860F O}
=0,1T444483E 0}

0,8TN29368F 00
0.11677883E 03

0,586213046E.01
-0,05R)66RLE 02

0,24209137E 0}
~0,17732378€ 03

0.,30914992€ O¢
0.,10001614F &3

0.,33202087€-01
-0,85625702E 02

0.24238%65E 01
=0, 178995080 03

0,161240696E 00
«0,9281420%E 02

0,16859202E-0]
~0,83256429%7E 02

0.11439C49F 00
=0,848849298 02

0.23113184¢2 01
-0,17934032¢8 03

0.57723161E=0]
~0,87209642E 02

0.231614978 01
~0.17T65431E 03

0.28906122E01
~0.,88514TT1E 02

0.231T6944E 0}
=0.17002457¢ 03

0,1442602080}
-0,88972992€ 02
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MAG
PHA

MAG
PHA

FREQ =

MAG
PHA

MAG
PHA

MAG
PHA

FREQ =

MAG
PHA

Mad
PHA

MAG
PHA

FREQ »

MAG
PHA

MAG
PHA

] 14
PHA

3D-6

8 D.,241566738 01 0.1T7340415E-04
0,17908298F 03 -0.178008739F 03

0,809549218 00 0,99714T38E 00

9- 11

0.25%9%960F 07

NODES NODE VOLTAGES

4 D.,99707003E 00 0.997124467E 00
=0,17998608F 03 -0,17998114E 03

1=

S5= 8 0,239041420 01 0.431047B3E-03

0.17910487¢ 03 -0,.1T862360€ 03

9= 11 0,12865023E 01 0,99713183E 00

~D,12648076468 03 ~0.17999274E 03

0.,31199950E 07

NODES NMODE VOLTAGES

1= & 0.,9978T14sE

=0,17999301E

0o
n3

0.99712650E 00
=0.17999055E 03

$= 8 0,2333%038d

D.17894675E

ol
03

0,10689591E-08
«0.,17700082E 03

9= 11 0.19260206E

=D, 14522549

o1
03

0.997128237E 00
-0,17999635E 03

0.10239992E ©B

NODES NODE VOLTAGES

l= 4 D.99787194E 00 0,99712723¢ 00

~0,179996468 03 -0,17999325F 03

S5« 8 D,233063920 01 0.2671%005E~00
0.179278248 03 -0,17329078E 03

9= 11 0,2198084TE 01 0.99712765E 00

-0,16100618E 03 ~0.179998135E 03

0.24155207€ O
0,17908398E 03

0.68430945E 00
~0.10658325€ 03

0,04493704E-02
=0, 77469090 02

0,2390%046E 0]
0,17910663€ 03

G,13329124E 0]
=0,12400766E 03

0,64099210£-02
~0.85998192€ 02

0,235384A5¢8 O]
0.,1T89484%E 03

2.19074097E 0}
-0,14522549€ 03

0,27403029E=02
=0,48060150E 02

0.13308341E 0]}
0.17927945E 03

0,21927747E 0}
~0,16100618€ 03

0.23170453E 0]
=0,17941158% 02

0.716911638-02
«0,.086066122F 02

0.23179483E 01
-0.,1T9T0322E 03

0.955374918=02
-0,870301048 02

0.,23179922E ol
-0,17985220¢ 03

0,17773181E~02
-0,83309307E 02

0,23100113€ o)
~0,17992596¢ 03



‘MAG
PHA

MAG
PHA

HAG
PHA

FREQ =

MAG

© PHA

VAL
PHA

MAG
PHA

NDDES

- 4

5~ 8

9- 11

NODE VDLTAGES

0.9978T211E
-0,17995821¢

0.,2322407TH
0,17960429E

0,22862062F
=0,17025529¢

0.,40959966€ 08

NODES

1- 4

5- 8

9= 11

0o
3

13}

03

0l
03

0.99712741E 00
~0.17999T60F 03

0.,00153215E=-07
-0,16622046F 03

0.99712753E 00
-0,17999902E 53

NODE VDLTAGES

0,99787211F
=0,17999900¢

D.23201294E
D,17979729E

0.23099422E
=0,173509473k

o0
03

a8l
013

21
o3

D.9971274TE 00
-0, 17999B81E 03

n,18464711E~07
-0,18360483E 03

0.99712747E 00
=-0,1T999951E 03

0,21055066E-02 0.90687722E=-03
=0.29007629E 02 =-0,T6225784E 02

0,23224001E 01 0,231801R0E 0}
0,17969495E 03 -0.17998297€ 03

H2204R8293E O]
=0,17025529¢ 03

=0,15480490F 02 =0.63607T468F 02

0,23201218E 01 0.23180189F ol
0,17979742E 03 -0,17998143E 03

0.,23898932F 0]
=0,17509473E 03
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FREQ =

NOODES

MODIFY
FREQUENCY=,5E6
EXECUTE

0,499959949F 06

NDDE VOLTAGES

0,42464009E=01

MAG le & 0.997633976 00 0,99707633€ 00 0.36994T729EF«01
PHA ~0.17992097E 03 -0,17990407E 03 ~0,85914338E 02 -0,80182098F 02
MAG 5- 8 0,26240093F 01 0.1138B499E-03 0,24230491F 01 0.23172016E 01
PHA wl. 178490928 03 ~0.17T96429F 03 =0,17049092E 03 =0,17949022E 03
MAG G- 11 0,33089499E8 B0 0.99726462E 00 0.43721182E-02
PHA ~0,80308133E 02 -0,17996297E 03 ©0,951811786E 02
SUMMARY NODE #9
-3 = .AO
Freq Gain x 10 20 log A Phase
.01 . 667 58°
. 02 3.2 - 56 db 19
.04 12.5 - 45 -11
.08 39.3 - 35 ~39
.16 97.8 - 27 -63
.32 209 - 20 ~T79
.64 422 -14 =93
1.28 809 - 8 -106
2.56 1. 386 -4 -124
5.12 1. 9226 -1.0 -145
10, 24 2.198 =) 0 -161
20, 48 2,286 .4 =170
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APPENDIX 3E

VIDEO PREAMPLIFIER,

ECAP AC ANALYSIS
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r

C
a1
LI
n3
g
rs5
L1
n?
LY
ne
B0
R11
n12
a3
N4
ALs
nlt
ny7
nl®
nl®
a2
a2l
n22
a2l
nz24
p2s
Tl
T2
T3

FREQ =

MAG
PHA

MAG
PHA

MG
PHA

MAL
PHA

3E-2

AC ANALYSIS _
ERYS PRELMP, pRED, RESPNNSE s MIN,GAIN
M, MALYJULY L10p 1989

NiD s} ) »

NiLl 20 } » Re3IO2N
M{Yl ,2 H » Reb81,1
N{2 »3 ) » R3]0
M(%S »3 ) s Ra1Eo6
N(3 20 1} » RelSOD
N{3 »4 } s RadT,5
N{& 20 ) » CulE=p
N(é& »5 ) s RaaTHS
N(S 57 ) » R#100
N{O s6 ) s RelED
NID 26 ) s Co,1E-6
N{T 28 ) s Re3dO
N{102+8 } » RelEa
N(B s0 ) s Re3d1N
N[B ,9 ) + RebB, 1}
N9 »0 ) s Cx1E=t
NED »1D) + Re4To
N{lDr11) s Raa?
N{R »1 ) s Ru3920
Nills12) » R»300
N(D #12) » Rx1gh
nil2e0 ) ) Ru&4BO
N(12,13) , Co 1E=6
{1320 ) s Ha?S
Ria ,5 ) y BETAS20
CAREYR Y » RETAm30
821822} » RFTAS25
FREQUENCY.SED
PRINT,VOLTAGES

EXECUTE

D,49999941F D4

NQOES

13-

4

8

12

13

C'.lE-b » F=1.0/0

Sxpg

Nuftg VOLTAGES

0. TH28BTTRE nn
N.3IB146439E A2

D, 48264971 E
~0.14326293¢

o}
03

0,16231718E
0.1468610%E

X5~
0,50479838E
89,12727194E

21
03

21
03

0.73797911F
0.35279877E

0.23003006E
0.171303p2F

6.22788141E
0.352744049F

00
02

ol
03

n2
ne

0,59511790E 00 0.33183178€
N.28755325E 02 -0,27417557¢
N.4575215%3E 0} 0.38332739E
N 14447538E 03 -0.14064176EF
n.22692170E N2 0,22098190E
6,524528R1E 02 0,50%36]163E

/3 F 5 Fhe 0f77a,;'Aszé.

;7

is e Rl wode .

00
¥

ol
03

62
02



MONTEY

FREQUENCY210E3(2)20,40€E6
EXECUTE

FREQ =

NODES

MAG 1= 4
PHA

MAG S5« @
PHA

Mph
PHA

9= 12

MAG 13~ 12

pHA

FREQ »

NDDES

maAC 1~ 4
pHa

MAG 5= 8
PHA

MAG 9= 12
PHA

MAG 13- 13
PHa

FREQ =

NODES

MAG 1= 4
PHA

MAG 5- 8
pHA

0,99999922¢€ O¢

NODE VOLTAGES

0.92519504E
0,207042n0F

o.%41520128
=0, 161336060

0.953390%0€
N.11899129E

0.1046933%3%

0.850600%9¢

0,19999980F 05

6o
o2

o1
03

el
03

n2
02

n.09025301E
D.20194748E

0.10266241F
D.134983278

0.29923045E
0.24019028E

NODE VOLTAGES

0.%80117388
D.10725511¢

5.553883248
~0,1T076527K

D,4P23760667¢
D,10448512¢

D,157000848

p.51378143¢8

0.39999949E 05

00
02

ol
o3

o0
3

02
92

0.94156045E
0.10499017E

0.11311491E

0,25368439¢
0.92787704¢

NODE VOLTAGES

0.9949406%8 DO

0.541088A7E 91

0.53%6456998 01

~0.1794006TE 03

0.95539276E
0.92T600820E

0.46260244E
0.1015642T28

00
oz

ol
o3

o2
LT

00
02

00

03

02
o1

oo
0}

o 4]
032

0.68702017E
D,16163727E

D.810TT213E
“0,16191353E

6,2537328n2E
‘0. 23537500E

0«71376160E
0.83161478E

0e521T2709E
“0.1T10%7T1E

0,25028124E
0, RTOIR22TE

0,.,72332376F

Os418TI03TE

0:52401934E
=0.175546067E

60
02

01
03

02
02

00
01

01
03

02
01

00
ol

ol
03

0.210827155E
=0.35312134E

0410933498
“0,16616304F

0+24559045E
0202916728

0+ 11026482E
04721732948

0.62542505€
-hs17219907E

0,22890839
0,46819267¢

00
62

ol
03

0¢e
o2

00
o2

02
0l

0,60378304Ew0]
~0,01024338E 02

D.4267T3539E o)
=0.17611404E 03
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MAG 9« 12 0,49376667g D0 0,23368439¢ 02 0,23024124€ 02 0,2289098%¢ 62
PHA 0.10446512¢ 03 0 9278770¢e 01 0,37090227¢ OL 0, 46819267 o1

MAG 13= 13 0,15T000648 OF
PHA 0.5137081438 02

FREQ = 0,399990492 03

NODES NDOE VOLTAGES

MAG le 4 0,994960%¢E 00 0.95339278¢ 00 5.72332376€ 00 0.,60376304fw01
PHA 0.54108887¢ 01 0.527606208 01 0.41873087E 01 =0,81024330€ 02

MAG S B 0.35645600F 01 0.46200244E 00 0,5240198%4€ ol 0. 426T3559E o)
PMA «0,175400678 03 0.101642728 03 «0,17554607¢ 03 =0.17611484¢ 02

MAG 9= 12 0.248904290 00 “1.244388288 02 0,239710893E 02 o.21028732¢ 02
PHp 0.972208082¢ 02 0.35827153E ol 0.%1211683F 0o} -0,81741452Ee0]
7

MAG 13= 13 0,103744318 02
pHA 0.278649808 02

FREQ = 0,T9999934E 03

NDDES NODE VOLTAGES

MAG 1= & 0.998731140 00 0.950921192 00 0,72924071E 00 0.30348595€<0)
PHA N.271157938 o1 0-2“39763! 6l 0.209T4108¢ 0} -o.l”o‘!‘l! (v} 4

MAG S. 8 D0.55707561€ 01 0.23287541E 00 0.32657027€ 01 0.42706136E o1
pHA -0.177T0296E 03 0.95832458F 02 =0,17777%01E 03 =0, 17808865¢ 03

MpS 9- 12 0.12670639F 00 0.24041229% 02 0,23324185E 02 0.20236191F 02
PHa 0.926146248 02 0.15969910F 01 0.13007854E 01 -0,.3T0704102 00

y
MAG 13+ 13 0,19359769E 02
pHA T 04142653548 02

FREQ = 0.13999908E 0¢
NOOES .NODE VOLTAGES

MAC 1= & 0.99968183F 00 0.939807STE 00 0,72372136E 00 015194345801
pHs 0+135655988 01 0.13227339E 01 0.10491791E 01 ~0.8773109%8 o2
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-0.8l74l432E.01

8 0.957267198 o1 0.503429900.01

MAG 5=
pHA w0, 179429788 03 0.914339342 02
“.6 9= 12 °o’11"°’1'.°l 002’."9132 02
PHy 0.909036870 02 0.36905962¢ 00
MAG 13= 13 0,198986819% 02
PHA 0.360122%90 o1
FREQ = 0,63999950F 06

NODES NOOE VDLTAGES
wAG 1= & 0.999979974 0o 0n.%00008351E o0
PHA 0.,339200%08 00 0.330Y4206F 00
MAG S« 8 0,357276%28 01 0.291Tab04k-0)
PuA =0.179712088 03 0.907294928 52
MAG 9~ 12 0,159980115.01 0, 23087283¢ 02
PHA 0,.904517978 02 o0, 18400604 00
MAL 13= 13 0,199162298 02
PHA 0.100137448 01
FREQ = 0,12799990FE 07

NODES NOOE VOLTAGES
MAG 1= & 0.99999493% 00 0.96009946€ 00
PHA 0.109601748 00 0.1653T7243€ op
pHA =0.179856418 03 0.90364700F 02
MAG 9m 12 0.T7T95446898.02 0.23868376F 02
PHa 0,902259228 02 0.91937363E-01
MAG 13- 13 0,19920570f D2
pHA 0.900782928 00 -
FREQ = 0,25%99980F 07

NODES NODE VOLTAGES

0.52474155E 0}

~0:17944386E 03

B.2335040TE 02
0,3040%491E 00

0.72987222€ 00
0.26233155€ 00

0,92475014¢€ 01
“0.17972194€ 03

0,233520%6¢ 02
0, ,1%1488148 00

0.72381979¢ o0
0.1311887T0E 00

0.52475293E 0}
«0,17086095F 03

D.2334070%E 02
0.7564065820E-01

0.42716484E o}
=0, 1 7981448E 03

G+199425358 02
=0.19276T60E 00

5.36001549Ea02
~0,0943T683E 02

D.+42717009E 01
0179787258 02

0,199271708 02
-0,97702363¢e0]

6+19¢011678402
~0+897187968 02

0:.427171428 01
=0e 1 TOOTROSE 03

0.19923325¢ o2
w0 h9016825E=0)
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NDDES NOOE VDL YAGES

MAG 1= & 0.999998138 o0p
PHA 0,848010788-01

MAG 5= 8 0,357279%9g D1

PHA =0,1T¢o2621p 0F

AL 9= 12 95.30997424EaD2
PHA 0,90112914F 02

MAG 13~ 13 D.19921661E 02
PHA 6.,43040397E 00

FREQ = 0.51199950F 07

o.oooiozeae {+11]
0.02686424E~-01

0,729389126+02
0.90102373¢ o2

0.23884872E 02
0.45940527E-01

NDDES NOBE VOLTAGES

HAG 1= & 0.999999%E 00
PHA 0.42400372R<01

MAG 5- 8 0,5572T997E 51
pHA -0,17996448E 53

MaG 9~ 12 0.194987288-02

PHa 0.9005647T3E 52
MAG 13= 13 0,1992193sE 02
pHA 0.225203208E 00

FREQ = 0.10239992F no

0.96010383€ a0
D.41343236E-01

n.35669533E.02
0.90091171E 02

0.23084T66E 02

0.22979237€~.01

NQODES MNDE VO TAGES

MAD 1= & D,99999976F 0o
PHA 0_0212002775001.

MAG 5- 8 0.55728085E 0}
PiA ~0.179982354E 03

HAG 9~ 12 0 9749381803
PHA 0,%0028229¢ 02

MAG 13- 13 ©0,19922012E 22
PHA 0.,112601768 0O

FRFQ = 0.204TI984E 08

JE-6

0.96010399€ o0
0.206T1617E-01]

0.18234T74E02
0.90045547E 02

0.23884735¢ 02
011689481g-01

0.,72908178¢ 00
0,6558944TE.0)

0,3264782062¢ 01
~0,17593045E 03

0,23340140E 02
0,37a13846€-01

0.72988199E 00
0482791764E-01

0.,%2475290E 01
~0.17996521E 03

0+23348038E 02
0,18909737E.01

D:72%88223E 0o
0,16998882E-01

0.9247830n0E 0}
~0,1799828TE 03

0,23348007¢ 02
0,94527195¢-02

0+99500063118+03
~0,09059373E 02

0,427 7T152F ol
=-0,1T99%9208 03

10.19922340! 0z
~0,24928980E=0)

O+4T30%2208-03
0. 8992965TE o2

0.42717180E o}
=0.17996964E 03

0.19922119E p2
=0+12267083E=01

0+23751620E=03

0.42T17180€ 0]
~0.17998482E 03

0,19922058¢ 02
-0, 61938693202



MAG
PHA

MAG
pHA

MAG
PHa

MAL
pHA

NODES

T3

NODE VOLTAGES

4 0,999999088 00 0.96010411% 00

0.106001%8L~01

8 0.357280088 01
=0,179991008 03

12 D.¢876467970.03
0.90014069% 02

13 0,.,199220280 02
0.363009166-01

0.10323%807€.01

0.91173049€.03
0.90022T86E 02

0.23984735¢ 02
0.5Th4T21 7002

0.72988229E 00 0.11075809Ew03
C.R10T9409E-02 =0.899823T6E 02

0.82479309E 01 0.42717190F ol
~0,17999137E 03 -0.17999234F 03

0.23340007€ 02 0.19922043F 02
0,47263391E-02 -0,30669733Fa02
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APPENDIX 3F

VIDEO PREAMPLIFIER,

ECAP DC ANALYSIS
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INTIVAINDT *0°d dVOd dNVAMd T-~4¢ oIndig

el

s1a_| %SIF

_ Bz 23A 0'8 = 8p
%SHF

316 _ %SI T

AN Yo S1 F

V16219
oy
3l |
026£329
Y]
4
%9F
NG
B
a0y4/|
Le
oF
1 - owwm 0¢ F %S  102¥
9% %¢ F %2 F Y% |+ 0SS NH

oM TLd {0609 + 0O€-)'dN3L "LINI
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AL
a2
A3
.21
85
6
a7
n8
L1
810
811
12
813
Als
B15
816
87
pis
a19
Tl

T3

DC ANALYSIS

ERTS PREAMP

JUNE 29,1969, N.MALY

N(1,0) sRe91{.18), EnB.0{7,4s8,8)
Ni2,1) sRu3920(,08)

Ni{2,3) sRre51.1{,08) .
N(3,4) »Re350(.10), Ewrobl=eB3s».T)
N(&,1) sRel300¢,08)

N{5,64) »RelE4{,10)

N{12,5) sRel4T5(,08}

Ni{5,8) Rel00{.08) .
N(6, T} »Re350({.10), Enwybi=eB8s0,T)
N{8,T) :RllE#t.lOI

N{Ts1) 2Re3010(,08)

Ni{B»9) sReH7(,.19) .
N{9s;10) »Re350(.10}» Ee=obi{=e%se,7T)
Nill,10}sRelE4(.10) )
N(102,03 sRebdBO(,.15)

N(0Os12Y »RE91(,.19), ExB,0(Ta6s8,56)
N{7»2) #Re3920{,08)

N(12,8) JRe&TO(,15)

Mi12211}aRm,l

Blasb) 2BETA=80(19,9%0)

B8{9,10) +BETAz801{15,950
B(13,14)sBETA=B0I2D,200)

WORST CASE

PRINT,WORST CASE

EXECUTE

WORST CASE SOLUTIONS FOR NODE VALTAGES

NODE WCMIN NAMINAL WEMAX

1 «0+81011230€ o1 -0.7T3584892F 01 -0+060%9917D
2 =0.39482857E O -0,24633]139¢ 01 ~0.190374T1D
3 -0:39524040€ 0} 0, 26646309E 01 -~0.1%040598D
4 ~0¢43948820E 01 -0.32738046€ 0] -0.21061693p
5 PARTIAL W.R,Ts R 1)} HAS CHANGED SIGN AT MIN

5 D.12594%00E 01 0.27552662E 01 0.43019004p
6 PARTIAL W,R, Ty R 11 HAS CHANGED SIGN AT MAX

6 0:12212019E 01 0.275016850E 01} 0.42978335p
7 PARTIAL W.R,T. R 11 HAS CHMANGED SIGN AT Max

7 0.53655016E 00 D.21324043€ 01 0.34933880p
? 0.33324747E 01 0.47399397¢ 01 0.607332210
9 0.33218%46F 01 0.4T368076E 01 0.40721422D
10 D.26460190E 01 8.5111644TE 01 0.54613589
11 0.59695835F 01 0.68096564 0] 0.764007720
12 0.59702063E 0} D.68002%44EF 0) 0.764061008p
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APPENDIX 3G

SPECIFICATION
FOR
MC 1545
INFEGRATED CIRCUIT
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MOTOROLA
Semiconductors

L

GATE-CONTROLLED TWO-CHANNEL-INPUT
WIDEBAND AMPLIFIER

. . . designed for use as a general-purpose gated wideband-amplifier,
video switch, sense amplifier, multiplexer, modulator, F5K circuit,
limiter, AGC circuit, or pulse amplifier.

Gate Wi 4,7 ou:

® Large Bandwidth; 75 MHz typical “

MCi846

GATED DUAL-INPUT
WIDEBAND-AMPLIFIER
INTEGRATED CIRCUIT

MONOLITHIC SILICON
EPITAXIAL PASSIVATED

JANUARY 1965 — DS 9117

o 2% oN, G Suftix F Sufti
. . ) Y uitix
® Channel-Select Time of 20 ns typical - CASE 6024 CASE 807
N . . . © (Formerly CASE 71A) (Formerly CASE 83}
® Differential Inputs and Differential Qutput o (10-86)
MAXIMUM RATINGS (T, = 25°C uniess otherwise noted) b __9%}%__
— O g | % | e &
Rafing Symbol Value Unit e w | {
( .
Power Supply Voltage vt +12 Vde L
. v =12 Vdc @
- Ha 0750
Differential Input Signal . Vin 5.0 Volts ® e
Load Current ’ IL 25 ma i —t
. - - L J
Power Dissipation {Package Limitation) PD ° 0%
Flat Package 500 mW . ] 028
Derate above 25°C | 33 |mwre| e W W
Ceramic Dual In-Line Package 625 mW ° Seetdl T
Derate above 25°C 5.0 mW/°C Ao
. ® ]
Metal Can - 680 mW
Derate above 25°C 4.6 mw/C L4 (Bottom View) Lead | idenditied by color Got o by elbow o«
Wad. Ml ends eiecincaby <ataled b
Operating Temperature Range . T, | -55to+125] °C @ Fin7 connected to case e
o MrMemiomnd Varigat = 0290 e lappeoz |
Storage Temperature Range T -65t0 +150 [ °C
oo stg ®
]
CIRCIMT SCHEMATIC
. ® ) L Suffix
4 . ® CASE $05C
4 ° {ro-116)
e ;; ;E e PY Caramic
am hd L
o l | T ® ST
‘o———-m — ’ I { oo 7 b
n» ) o] i
o, l:-w o O W Tepm—es
Qrree - EM- bT: ] SEATING P
‘t:: :E’““ :mt‘bmt ' * - r—{%—
o 44—} T 3 L bsso '
bm ., < M ° L '_'I
h with R
—1 i /)
* % —i—--T [T7]
' ® —L i s J %
3 ae 3—%--'— l'l Lol &
1 e ® b o100 s
o "
N . L - . "r
Number at end of terminal is pin number for G package. ® (D:':'nwa:-. from st e

Number in parenthesis is pin number for F and L packeges .

{33 Drtantacian sl e inticated withan by machanical
s pulay o rerich i ple | gt phowal,
(3 weioh1 « 103K graom aprar

3G-1-2~



{V+=+50Vdc, V-~

—50Vde, st Ty = 2s°c
ELECTRICAL CHARACTERISTICS  specifications apply to both input channets uniess otherwiss noted}

Characteristic Fig. No. | Symbol Min Typ Max' | Unit
Single -Ended Voltage Gain 1,12 Ay 16 18 20 dB
Bandwidth 1,12 BW 50 5 - MHz
Input Impedance 5,14 Zin k ohms
{f = 50 kHz) 4,0 10 -
Output Impedance 6,15 Z ot Ohms
{f = 50 kHz) - 25 -
Output Voltage Swing 4,13 Vout v
(R, = 1.0 k ohm, f =50 kHz) u L5 2.0 - p-p
Input Bias Current 16 L 55 pAde
(L, =4, +1,)/2) : 25
Input Offset Current 18 |li 0] - 2.0 - pAdc
Input Offset Voltage 17 |vio'| - LG 5. 0. mVde
Quiescent Qutput dc Level 17 Vout{dc) - 0.5 - Vde
Output d¢ Level Change 17 . ]ath(dcn mv
{Gate Voltage Change: +5.0V to 0 V) - 15 -
Cammon Mode Rejection Ratio 9,15 CMrej dB
{f = 50 kHz) - 85 -
Input Coramon Mode Voltage Swing 18 cMV, - 2.5 - Vp
Gate Current Low 18 1 GOL - 2.5 mA
{Gate Voltage =0 V) -
Gate Current High 18 IIGOH uA
(Gate Voltage = +5.0 V) - - 2.0
Step Response 15 t ode - 6.5 10 ns
lej, =20 mV) t - 6.3 10
pd- .
t - 6.5 10
r
tf - 7.0 10
Wideband Input Noise 10,20 vn(t n} uvrms
{5.0 Hz - 10 MHz, RS = 50 ohms) - 25 -
DC Power Dissipation 1L,20 PD - 70 110 mw

FIGURE 1 — SINGLE-ENDED
VOLTAGE GAIN versus FREQUENCY

TYPICAL CHARACTERISTICS

Ay, SINGLE-ENDED VOLTAGE GAIN {dB}

25
20
ey
15
L1} ‘l
5.0 ’ \
L] il \
6.0 01 10 W 100 toed

f, FREQUENCY (MNz)

3G-2

5

20

15

Ay, SINGLE-ENDED VOLTAGE GAIN (¢B}

FIGURE 2 — SINGLE-ENDED
VOLTAGE GAIN versus TEMPERATURE

. Ta, TEMPERATURE (°C)

il

L]

W0 126




=

e o
= bgb P ]

Rp, PARALLEL INPUT AESISTANCE {k QHMS)

CHANMEL SEPARATION {d8)

FIGURE 3 — VOLTAGE GAIN FIGURE 4 — OUTPUT VOLTAGE SWING

Ay, SINGLE-ENDED VOLTAGE GAIN (d8)

versus POWER SUPPLY VOLTAGES versus LOAD RESISTANCE
% 80
// £ 4 /( o
-3 o
, al : /
o g
1 w30
/ &
a 1
2
E 240
15 & : /
=2
3 %
3 10 L
> _‘,/ t= 50 kHz
" . L]
+4.0 £50 +6.0 +71.0 +8.0 +9.0 £10 EA ] 112 0.1 05 10 5.0 10 0
v+, V-, POWER SUPPLY VOLTAGED (vdc) : RL LOAD RESISTANCE {k OHMS}
FIGURE § ~ INPUT Cp AND Rp versus FREQUENCY
{BOTH CHANNELS) FIGURE 6 — OUTPUT IMPEDANCE versus FREQUENCY
70 200 !
% e w (L
s0F — Sout{rms) = 20 mV
\ 'g g 160 ' l
N 2 9
\ \ - g |
h . g £ 10
o N 05 2
N N S §
N N g = !
P 30 = 2 w
N s 5
N 20 » ] i
z 5 FHll
mnoog
F— ¢in s = 30 mV \\—\ 1.0 E 20
M, 0
1.0 1] 100 00 0.1 10 10 10
f, FREQUENCY {MHz) ' f, FREQAUVENCY (MH2)
FIGURE 7 - CHANNEL SEPARATION varsus FREQUENCY FIGURE 8 — GATE CHARACTERISTICS
140 ANEN T T T F T il
r'-"""""--.... ) Channet Separation
120 b A . = 10
N 5 20 tog Ay—20 log 28t =
\.\ £ 20tog Ay-20l0g = z
100 ]
T
243 L l w -10 _
X
80— ‘\.,\ 2 =20 —
(1 N 2 /
- o - o -30 -
N £
1.0 Vims [ w4 -
40 - 100} P / 12 fout
g -50 -
0| 5(6) v fout ? / l
NG / VG =
ol L HILL I il pdnd -0
102 wd 104 10b 08 107 108 0.0 05 10 15 20 25

fin. INPUT FREQUENCY (Hz) Vg, GATE VOLTAGE (VOLTS)

Numbar at end of terminal is pin number for G package. Number in parenthesis is pin number for F and L packages.
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APPENDIX 3H
ECAP AC ANALYSES
FOR

PLAYBACK AMPLIFIER, LINE DRIVER

W
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AC ANALYS]S

¢ ERTS PR AMPL.LINE DRIVER (FREQ.RESP,/MINIMUN GALM}

t JUNE 24,1969 N, HMALY

3] N(1:2) sRs3S%0

R2 N{l,%) HRelES

a3 N(6s11  sRe330

né N(4s0) SRelED

L] N(3,4) ,pe350

né Ni3:,5) sRelge

N7 N{D,3) ,Rel0D

ne N{2,3) sRe)E&

L] N{5,0) sReTs

ALO MN{5,0) »ReTS

R11 N{53,T7) sRellO

812 Nt0s2) 2Cwal0E=6 sE=0,1/0

A13 N{Os6) (el ,0E-p

Bl4 N{O,&) Spe?s

AlS N{0»3) sCel.O0p=8b

16 H{Tsl) sCPe10E=8

T B{ls,2) +BETA=30

T2 B{5,6) SBEYA=SD
FREQUENCY=SED
PRINT, VDLTAGES
EXECUTE

FREQ = 0,49999961E 0% wo ¥

NODES NNDE VDL TAGES

HAG 1= & 0.10430437E 00 0.10539970€ 00 0.,13112006E 00 0.16504437E oo
OHA 0.39220514€ 01  D.32634258E 01 0.1070933%F 03 0.11830984F o3

MAR 5= T 0.17943514E 00 0.99230649€-02 0.16R88T71F 00
PHA =0.31002035E 0] -0.58564224€ 02 -0,10613605E 02
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FREQ = 0,99999922€ 04 olv vz

NDDES NDE V0L TAGES
HAf 1- & D.10037878E 00 0.10121065E 00
BHA D.,140395188 01 0.11843982F ol
MAD Be T 0.13739133E 00 0.40048THTE-D2
PHA ~0,722345572 01 -0,T3I918427E 02
FREG = 0,19999980E 0% Ol mewz

NMODES NNOE VOLTAGES
MAPR 1= 4 0.99523544E.01 0,10028646E 00
PHA 0.71279830E 00 0.357T74764E 00
MAG Ke T 0,125757228 50 0.23798500E-02
BHA -0,44409513E 91 -0.81068011E 02

FREQG = 0.399999469E 038 .04 krHz

NODES

NpDE VOLTARES
MAG 1= & 0.,9932369E-91 0.10006988F 00
PHA 3.35370004E 30 0,2T7685354E 00
uAG 5- 7 0.122805TME 00 0.11950361€-02
PHA -0,2329T7119¢ 01 -0,.85921036E o2
FREQ = 0,79999938¢ 03 LUD ez

0.T0249197E=01
0.11%TaT87E »3

D451432216E=-01
0.936423906E 02

0.11P69292€ 00
=0.13484627E 02

0+39688488F-0]
0+13017T116€ 03

0.28658148F.01
0.91138566E D2

D.10424T2TE 0O
~0,A170312%9E nt

0+20601B856E~0]
6.14861994€ 03

0.14068672E-01
0.904794n1E 02

0.,100518%4E 00
=N.428T74565E 01
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NDCES NODE VOLTAGES

“AG 1= & 0.99202476E.01 0.10000426E 00 0,34957237E.02 0,245563778w01
PHA 0.808233173€~01 0.69076240E-01 0.90112878€ 02 6,17134895¢ a3

MAG S= 7 D.12107T999E 00 0.29916735€-03 0,.99337161E.0}
PuA 0591093726 DO -0.80979218F 02 -0.10002789F 01

FREQ = 0,31999969E 06

NOODES NODE VOLTAGES

a6 l= 4 0.992394368.01 0.10000104F 00 0,17473439€.02 0.24334669640]
PHa B.441119228.01 0.345334834C.0]1 0,90058198F 02 0.17564047¢ 03

MAG S= 7 0.12103308F 00 0.14939400E-03 0.99278182E.01
PHA “0,295740421F 00 -0,8%489543F 02 ~0,gh455215F 00

FREG = 0.63995930F 06

MDDES NNDE VILTAGES

MAG 1+ & 0.99258661E.01 0.10000020E 00 0.87360088E<03 0.24278918Ep]
PHA 0+22035350E-01 0.17264996E-01 0.900280861E 62 0.17782097E 3

MAG 5~ 7 04121822128 00 0.74798285E.04 0.99263370E-0})
PHA =0.147909348 00 ~0.89744T51E 02 -0,27232T72¢ 00

FREQ = 0,12799990F 07

3H-4



NOOES NDOE VOLTAGES

MAS 1= & 0.992584230.01 0.99999908E-01 0,21039672F03 0.242614636w01
PHA 0.951379848-02 0.43167211E-02 0.90006973F 02 0.17945496E 03

MAG 5+ 7 0.121018488 00 0.18699677E-04 0,99258721E-01
PHA ~0,3897948360.01 ~0,.099386187€ 02 ~0.68086028E-0]

FREQ =« 0,511999%0E 07

NDOES NODE VOLTAGES

MAG 1= & 0.992584230.01 0.99999905E~01 0.,1091%024E.03 0.242605958ap)
PHA 0.275889768402 0.213833968.02 0.%0003479E 02 0.17972T46E 03

MAG S+ 7 04121818308 00 0.93498438E-05 0,99258482E.01
PHA =0,184097748=01 -0.8994B003E 62 =0,3404%115E-01

FREQ = 0,10239992E 08

NOODES NADE VDLTAGES

MALG 1= & 0.99250423E.01 0.99999993E.01 0.%4999T7E.04 .242603796-01
PHA 0.137844028.02 0.10791709€-02 0.90n01724E 02 6.1T984348E a3

MAG 5= 7 0,12181826F 00 0.467492016-05 0,99258682E.01
PHA 0.92449002E.92 _0.099040248 02 -0.17021563E-0]

3H-5



o MIN, GAIN

MODJIFY
B3 R=z390
L1 ReB 50

ARG Rudé4,0

810 Reb7T,5

gl1 ReBy
FREQUENCY=80F3(2)a40E3
EXECUTE

FRFQ = 0,T9999938E 03

MODES NNDE VDLTAGES

MAS 1- & 0.992112166.01 0.10001030E 00
PHA 0.18379307¢ 00 0.14033087E oo

MAG S5« 7 D.11411417€ 00 0.31914328E-03
PHA ~0,B2384968F DO -0.8TO96979E 92

FREQ = 0.159%99938E 06

NODES NNDE VDLTAGES

MAG 1- & 0.,99198639E.01 0.1000045%%€ 00
PHA 0.918305526-01 0.70126355E-01

MAG 5- 7 0,11393237¢ 00 0,25963783E-03
PHA ~0.413856%28 50 .0.80998337F A2

FREQ = 0,31999949E 06

NOOES NNDE VOLTAGES

MAG 1= 4 0,99193540840]1 0.10000110E 0O
PHA 0.43907073E=01 0.3%056610E-01

MAG S5- 7 0.11308834E D0 0,12982T720E-03
PHA =0.2071T00TE 00 ~0.89499130E G2

FREQ = 0,63999930F 06

NDDhES NNOE VDLTAGES

3H-6

0 73437579E-02
0+90%520%Y8E 02

0,99491239E.0])
-0.16028124E 01

0.30671568E,02
0,902T4384E 02

0,992680T5E-01
=0.8042820TE 00

0,18229865E-02
0.90136963E 02

0:992130864E-01
~0,40251964E 00

0.26684723E~01
0.16340T779E 02

0.25748074E-9]
0+17150598E o2

0.25514510E-01
0.17872693€ 03



MAG
PHA

MAL
PHNA

l-

S

& D.IIV194T765E-01
0.22952501E.01

T 0.,11307515E 3¢
~0,103615228 00

0.10000020€ 00
0.17827476E-0]

0.,649143958-04
-0.89749857E 02

0.91641083E.03
0. 20068436F 02

0.99199116€-01
-0,20130710€ 00

0.25455629E01
0+17786020E 03

3H-7/3H-8



APPENDIX 31
ECAP DC ANALYSIS

FOR
PLAYBACK AMPLIFIER, LINE DRIVER
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Bl
¥
B3
B4
B3
Bé
B7
a8
B9
B1O
Tl
Y2

DC ANALYSIS ,
ERTS B AMPLIFIER LINE DRIVER
DATE JUNE 23,1969

N(1,2) sR@350 (,10) sfm=,4(=,8,=,7)
N{1,6) sRe1E&L (.10} :

N{Os1) »Ru405 (1% +E=5.0(,072}
N(D,&) oRelE3 (1%} .
N(4»3) »Rw350 (,10) 2Esm,b6(=,5,+,7)
N(3,5) »RulEé (109 ,

N{0,3) »Ral00 (319 2E=5,0(+072)
N(2,3) sRuElE4 (1%

N(D»%) »Re7% (19

N(D,S) 2Re73 (08

B{l1,2) »BETA=128(850,200)

R(5,6) ,pETA=12%(9%90,200)

WORST CASE

PRINT,WDRST CASE

EXECUTE

WORST CASE SOLUTIONS FDR NODE VNLTAGES

NODE

WCMIN

1 PARTIAL W.R,T. R 2

1

31-2

0e26942415E 01

PARTIAL W,R.T,

0+20866070E 01

PARTIAL W,R,T.

R

6

0+13918420€ 01

PARTIAL W,R,T.

R

6

0.23258448E 01

PARTIAL W,R,T,

6

0+37008836E 00

NOMINAL

MAS CHANGED SIGN AT
0.35616121E 01
HAS CHANGED SIGN AT
0.29518099E€ 01
HAS CHANGED SIGN AT
0.26717243E 01}
HAS CHANGED SIGN AT
0.33370152€ 01
MAS CHANGED SIGN AT
0.88114828EF 00

WEMAX

MIN
0+425297140 01
MIN
0363261790 01
MIN
0.33832165D 01
MIN
0.40027866D 01
MAX

0.19640991p 01



DC ANALYS]S

¢ ERTS P8 AMPLIFIER LINE DRIVER

¢ DATE JUNE 23,1949 :

¢ CHANGE R25 AND LDAD TO RNSSDTSROp, AND

‘€ CHANGE R24 To RCOTGF751J TO MEET W/C DYNAMIC RANGE

B) N{1,2) sRe330 (,10) sExm,b{m,820.T7)
82 Nil,&) sRelEs (,10) N
B3 N(O,1) ,LRe403 (1% »E05,0(,072)
B4  N(0s4) »  Re780 (,18 ) )
As N(‘l!) ’R.35° ‘;10’ sEnm 6w, 8,n,T)
86 N(3,5) ,Relgé (,10)
AT N(O»3) JRelQ0 (,1%) 2En3,0{,072)
B8 N(223) spalBé (19)
A9 N(D.B) z R=T73 (,042)
Blo N{O'JS) i ] RI"’ to°42)
T1 . A{1,2) ,BEBTAwi24(50,200)
T2 B(5,6) ,pETA=12%(50,200)
WORST CASE
PRINT,WORSY CASE
EXECUTE

WORSY CASE SOLUTIONS FOR NODE VOLTAGES
NODE WEMIN NAMINAL WEMAX
1 PARTIAL W,R,T, R 2 WAS CHANGED SIGN AT MIN

1 PARTIAL W,R,T, R & HAS CHANGED SIGN AT MIN
1 0+29704910E€ 01 0.32769308€ 0] 0.4033%3754D0 01
2 PARTIAL WeR,Te R 2 HAS CHANGED SICN AT MIN

PARTIAL W,R, Ty R & HAS CHANGED SIGN AT MIN

0.1761 71698 0% 0.26651888¢ 01 0.34068308D 01
PARTIAL W,R, Ty R & HWAS CHANGED SIGN AT MIN

0,10345001E 01 0,23296¢98¢ 01 0.30667538p 01
PARTIAL W,R, Ty R 6 HAS CHANGED SIGN AT MIN

o.zooa9§13§ 01 0.30047874E 01 0.369122390 01
PARTIAL W,R,T, R 6 HAS CHANGED SIGN AT MAX

w v W W NN

D:49466658E 00 0.10106676€ 01 0.20324422p 01

31-3



DC ANALYSIS

¢ ERTS P.B, AMPL,.LD,» COMPDNENT DISSIPATION
[ N, MALY,JULY 9, 1969, MONIFIED CKT
L3 N(1,2) ’ Re3sp s E=?H
nZ N(1,4) ’ Re1ES
na N(Os1) ’ LLIY] » E=s 0
B NiOs&) » R*7T30
ns Nt4,3) » Re350 » Foyb
LT N(3,5) ] Re1E4
n7 NIO,3) » Re1DD s E0B.0
(1] N{2,;3) » Rs1Ed
ng N(D, %) » R=7%
R1O0  M(0,5) » ReTS
Tl Bi1,2) ’ BETAw]2s
T2 RiSss) » BETAmy28
PRINT, CV, 8V, BA, AP
EXECUTF
BRANCH VOLTAGES
SRANCHES VOLTAGES
1- 4 ~0«58851 718D o0 0.30007898D Qo
s~ A =0,560518920 00 0.303395240 O1
9~ 10 «04+54016581n 0D -0.54016881¢ 00

ELEMENT VOLTAGES

ARANCHES VOLTAGES
1- 4 0,11482786D=01 n,3000T808p Q0
5. 8 0e39483040D0=01 0.30339%524D 01
9- 10 =0e 540165810 00 ~0.54016581D 0O

ELEMFNT POWER LOSSES

MRANCHES POWER LOSSES
1- & D.376726B0NR06 6+1239622320-02
3. & 0+4454029TN,05 n+437025830.01
2- 10 0+389038740w0? 6.389039760-02

FRANECH CURRENTS

PRANCHES CURRENTS
1~ 4 Qe3I20ATV6DanE n.413100230-02
$- 8 0:112808680m03 0.144044790-01
9~ 10 ~0.72022100nm02  «0.72022100p-02

31-4

«0.331367940 O
=0, 38711820 O1

0},15863197D 01

0.142%88080 01

0.70214170D-02
0:.2039135%70.01

0.41697%521D=02
0.14256803D0-01

«04301360130 01
0.32607932D 00

-0,30136013D 01
0.32807833D 0n

0+121090570.01
0+107638380_p4

«0+4018]13500-02
0.,328078300-04



APPENDIX 3J
COMPONENT DERATING
FOR
MOTOR/SOLENOID SWITCH
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2. Transistor Parameter Derating

Parameter

Derating Factor

TeBO

Double every 14°C rise in junction temperature for
Germanium,

Double every 10°C rise in junction temperature for
Silicon,

Derate 100% for aging.

VBE (sat)

Decrease 2,5 mV/°C rise in junction temperature,
Derate 10% for aging (increase maximum),

Derate typical +20%,

A’ CE {sat)

Increase 0,2-0,5 mV/°C rise in junction temperature,
Derate 10% for aging (increase maximum),

Derate typical +50%,

FE

Derate 50% of +25°C value for -55°C,
Derate 25% for aging (power rating <1 watt),

Derate 30% for aging (power rating =1 watt),

3, Coil Resistance

The change in coil resistance is given by:

R = RO (1+aT)

where:

R = Resistance at temperature T°C
Ro = Resistance at 0°C

a = Wire temperature coefficient (for coppera= ,00393/°C)

3J-2



COMPONENT SPECIFICATIONS

4. Motor/Solenoid Switch

N N
Depign Vahres ) Rocommended Values
Part Nomjnal Para- Lh‘m . Mominal | Pava- L -
N, | T Vaiue meter ¥’C 25°C 80°C Type Value | meter oC | 26°C | 60°C
max 117.3 115 117.8. max
Bl | RCRV? 100 T R 55 82.8 min
R2 | RCRO? 3.3K max | e RNR-P | 2870 max | o007 | epzs | 2037 |
mis Tlh | 2013 | 2sas | 2019
max 387 380 388 max -
Rero? 330 min 275 291 274 min
MoK 258 753 274 T
R4 | RCRUT 220 min 183 157 183 min
MAX 1173 1150 11756 Tax
RS { RCROT 1K aln v ] 250 )
WA 5.3 5.4 5.5 max 10.2 10.2 10.2
fe | RCR20 2 i 19.1 18.7 190 TVRP 10 min’ 3.3 9.3 3.8
max | 11,790 11,500 11,750 ax
Rr [ RCROT 10K =in %270 3.500 5,250 )
X 3
_ o
% %] 5.6 33.9 max
Cy | CSMAKP 2 min 15 5.4 i6.1 min
max 23.7 23.4 2.5 max 14.3 10.6 11
Cz CSFI1S KP 16 pf = 5 T 2] coms 8.2 uf [—2 S = ]
~max max
min mh
max max
R7 Mﬁlﬁll)'-ﬂl T i
max 1867 176 1836 Thax
R 1560 min 1583 a4 1684 in
11 max 1.1l T
B S75H T
Drop-cut max 3,37 3.5 " 4.9 TaAx
Voltage min 1.07 1.2 2.6 m;
Operate mAN 2 m= max
Time min mis
Telease max 1.5 ms Tnax
Time min min
B max 1.5 ma NAX
min min
Cottact max 2 DEAX
Reaisiance min min
™C 08~ max max
Sokenold | 414 99 min )
: max 4,82 5.28 5,96 Toax
RL2 4.8 = %02 3.52 4.5 i
13 max 3 mH mak
Tin 2.4 mH min
| max 121 132 162 Thak
RL3 128 ™ 99 108 122 min
L3 max 356 mH TaaxK
min 16 mil mi
max mnax
 Solenotd | IC = — o
ding . & [ha at max 7.3 6.6 5. 85 fnax
Force MV min [ 54 .6 [ mh
Holding 6.25 Ibs at AX 7.6 6.87 6.1 AaxX
Force 25 V min 8.2 5.63 ] min
Tax ThEX
L min Intn
K4 | 8150555-1 max oy
7 {J-J2A) T EAN
Plck-p max 18 max
Voltage min min
Drop-out MAY T max
Voltage mh _ min
Operating max 29 max
Voltage min min

3J-3



COMPONENT SPECIFICATIONS (Cont)

Design Values Hecommended Yalues
Part Hominal Para- Limita . Mominal | Pare- Lisn Ets
Ho. Type Value meter o'c 2%°c G0 [Tsre vatwe | meler vc | e |aoc
[hY 228 352 07 e
HL 320 min 263 283 355
el T WAL =
'Tem':,m At 28 o LLLELL
al 28 v [IRES 1 s
Bounce Y
max
. nLin
max
1 in L
Power - max 25 - 1
Supply Veg n.s min 24 min
Control K a5 [TEEY
Signal ¥1 24,5 min 4 min
ALAx [TES
I in min
max x|
niin Tmin
max mas
min niin
nax max
. i i
K LS
min min
nuLx [
1in nijn
nizx WK
min min
max Tax
niin mln
@ P—— o max 210 mw max
T min nein
ks . IBAX 23 21 .25 AR
2sma_|Ver &Y 18 min ~68 woin
max 84 .73 70 L
vor 52 # Hin i ™
f ik E T L | max
CBO min min
hrE mnx 375 max
min i 71 75 min
aN max 1 may
- min -983 935 985 nin
8-A 418 C‘_. nink LIk
min min
Q@ |2memoa P oax =55 W Yo Noz19a i
fc =96 at max L3 +3 A E_ 3 180mA max
o v, g 0t .25 i 3 < [ min
vae (saL) Y MUK 1.06 t.0 K] Mo
miin -7 min
1 AKX HUA 7 4 I-l;ﬂ max
Coo min min
hpg LI 315 max 370
mis 50 72 T2 min S 0 0
aN max 1 max
" min L9583 .985 L9856 min
188 C max max
o2 "’W min min
44399 P Max 4 W Sal d max
T min 2N4199 min
= LplEat) - max 55 .56 il mAx
il ¥ min 26 min
Asay max 1.26 1.2 11 [
VBE -9 ™in ) 5 min
1 [1FT) . dmA 2maA J2ZmA Ak
CHQ min min
hpg ap Toax ] MaK 5] 1) Tz |
TRTiE _E% it 14 16 in 35 4'0_”5 4T
. : 1 i .
S1-a w min anN min 98
CRIG NG4S It surge max BA max
cm7 min Y
cr1s  |1nmm i eurge thax A s
min min
o4 1N4970 i Rev, s 14 X
Surge min min
CR14 1H4970 Break- max 33.9 4.6 35.8 han
down min AT 3.4 33.5 min
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WORST CASE CALCULATIONS

1.0 RELAY TIMER
Neglecting the inductive time constant, L/R =, 64 ms, which is very small com-

pared to the RC time constant, the relay timer equivalent circult may be represented by
Figure A-1,

R /’LI Vz

V | c APy =AAPy - 1

Figure A-1 RELAY TIMER EQUIVALENT CIRCUIT

| LEAKAGE

L——-—W\:—-—-’

Also, neglecting the capacitor leakage current, which is very small compared
to the charging current during the charging of C1, the voltage across C1 is given by:

_ -t
V=V, -e /RCl) o (1)
where,
= +.
R R1 RLI (2}
Also, the relay coil voltage is:
v = RL1 :
11 R1 + RLl (V1 - V2) 3)

Solving Equation 1:

v
1 t
=e /RC
V1 V2 1
and
v
t 1
Ln =—— )
RCI Vl V2

3K-1 -4



Solving for V2, from Equation 3,
+

B P
RL]

V.=V, -V_( ) (5)

Substituting Equations 2 and 5 into Equation 4:

ViR
t=® +R )6 L Vi, ® TR ) 6)

Since the drop-out voltage, VL1, exhibits the greatest tolerance, the minimum
and maximum timer ON times are dependent on VL1. Minimum TON occurs for VLl
maximum and maximum TON occurs for VL1 minimum, Or, for minimum TON,
Equation 6 becomes:

Y, By .
L@ *Bpg I Vi, ® *R) @

Substituting worst case values into Equation 7, at 60° C:

24 (1584)
4.9 (83 + 1584)

T= (83 + 1584) 16, 1x10% 1n = 41.5 ms

For maximum TON, Equation 6 becomes:.

Ria :
T = (R R C =1—_.—....—
T=@® +R )C Ln v, ® E) (8)

< |

L1

or, at 0° C:

25(1567)
1. 07 (117 + 1567)

T = (117 + 1567) 27.7 x 1078 1n =141 ms

3K-2



2.0 SOLENOID DRIVER DRIVE REQUIREMENTS

a. Turn-On Time

In order to determine the transistor regions of operation, the rise time to
saturation must be determined. The rise time of @1 is given by:

v

1
T=R.C.Ln ———m—m
22 Vl VBl

where,

\e’1 = -24.5 + 2% (shoe control signal)

" For the minimum turn-on time, Equation 9 becomes:

Y
T=R_C_Ln
22 N'm

To calculate VB1, from Figure 3-20
= + V
VB1 T V1 "BE1

Since,

= +
v IEl RS v

E1 BE1

Then,

= +
VrBl IEl R5 VBEI

Also, from Figure 3-20

= + -+ -
Vcc IEl R5 VCEI (Icl IBZ) R4

Since,

c ®n E CBO

©

(10)

(1)

{2)

(13)

(14)

(15)

3K-3



Substituting Equation 14 into Equation 13 and solving for IE1:

- - -V
Vcc (chOI IB2) R4 cEl
g~ R +a_ R (16)
5 %N 4 _

Maximum VB1 will occur for maximum IE1, therefore:

— Voo " Uomor ~ 2 By " Verr
g~ R +«_R an
5 °N 4

Neglecting ICB0, and letting IB2 = 3 mA, then at 60° C:

— _25+3x107° (183) - .1

IEl =18,1 mA
1175 +, 985 (183)
From Equation 13,
= +
Ve T 'E1 s VBEL a®

And from Equation 16, minimum IE1 is:

. Voo “ Temor "' Ba " Vem 19)
+ .
El IE & NR;

Neglecting ICB0, and letting IB2 = 2 mA, then solving Equation 19, at 0°C:

[ o --2x 107 (258) - . 23
El 597+, 985 (258)

=21.5 mA

Substituting into Equation 18, at 0° C:

VBI =21.5mA (827) +.53=18.23 V

Now, let V1= 24V, and substituting worst case values into Equation 10, the
minimum furn-on time is:

24
T = 2913 (5. —_— =24,
T (5.9 pt) Ln 24 - 18.23 24.5 ms



When V1 = 25V, ¥B1 = 22V, then minimum turn-on time is:
25 |
25-22

T=17.2ms Ln = 36.2ms

Evidently, turn-on time is minimum for V1 - 24V,
Now, for maximum turn-on time, Equation 9 is:

g

- .5 =~ 1
T=R,C_Ln &= 20)
272 V 1 V];
And, from Equation 13:
‘\7 = T E + .\_/: (21)

Bl El1°5 BE1
Substituting worst case values into Equation 21, at 60° C:

?Bl =18.1 mA (1175) +.70 = 21.9

Using the ahove results, and substituting into Equation 20, the maximum turn-
on is:

T = 2927 (10.3 yf) Ln = 63 ms

25
25 -21,9
b. Minimum hFE3 required to Drive Q3

Referring to Figure 3-20, Q3 emitter current is given by:

Vee " g2 s " VBEs " g3 Try) B (22)
and,
v
. BES :
le“ps "R (23)
7
Also,

= +
Ioo “on g2 ¥ Lepo2 (24)

3K-5



Or, solving Equation 24 for IE2 and substituting into Equation 23,

-1 1 + VBE3 -
2 : CBO2

[ = c2 c¢BO _ B3 37 @5)
E2

% N2 % N2

since,
| I .
IB3 _ th _ cb03 (26)
FE3 *N3

Then substituting Equations 25 and 26 into Equation 22:

I R I v I

Vcc _ th 6 - c03 _ BE3 + cB02 Rg v £ + v e + VBE;3 \
FE3°N2 \®N3°N2 T7°%N2  ®N2 ¢ ¢

I -L )R

Igg = Tpy) Ryg + @7)

Solving Equation 27 for hFE3,

)R

{a

I__+1
N3 E3 c¢B03

hFES = - - : 6
ch03 BE3 cB02 :
+r - - - -
enz [Veo i * 6 VCE2™ VBE3 28)
N3 N2 7%N2 “N2

(2 ) o2

Since hFE3 is minimum at low temperature, calculate the maximum hFE3 re~
quired at 0° C, which is equivalent to specifying hFE3 for Q3. From the specifications,
the solenoid voltage requirement is 20, 7V minimum. Therefore, since IE3 is given by:

T _VE3 _ VpEs o 29)
B Ry, R

where,
Ves “TRps Bre (30)

3K-6



Then at 0° C, with VE3 = 20. 7, from Equation 29:

- _20.7 _1.26

Igs “3794 “Bam0 - >34

Now, neglecting ICBO at 0° C and IR7, hFE3 required is:

T . N3 'E3 Be |
FE3 v - BE3"S o o 1 o (1)
N2 | ee TR o cez ~ VBEs ~ ks Pig

Assuming N3 =, 97, and substituting worst case values into Equation 31:
= - _ .97 (6.3) (10.2) _
hFES 33

' 1.26(10. 2)
.98 (24 ~98 (8270) .4-1,26-5.3 (3. 94)

This value is within the limits of Q3 (selected 2N4399), which exhibits an hFE
of 35 at 0° C,

Similarly, determine the maximum drive requirements for Q1, Q2. From
Figure 1, for Q2, the emitter current is given by:

Vee " 'E2 Be " Verz " TR7 Bt TRpg Bre (32)

" Since,

VeEs © r7 By (33)

®

Then combining Equations 32 and 33, and solving for IE2, For Vec and IRL2

IE 5 the minimum possible current from Q2 at 0° C is:

ce” VeE2 ~ VBE3 " 'Es Pr2

(34)
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Substituting worst case parameters into Equation 34:

IEzzz-a-.s9-1.26-20.1' :ibeg - 162 mA
= 10.2 '

Jletting,

I

Lo~ %N2 'E2

Then, IC2 = 160 mA, which is equal {o the maximum base current, IB3, re-
quired by Q3. Or, using the above results,

- 1 s
B3 h 33

=160 mA
FE3 |

Now, for Q2, minimum hFE2 is given by:
I

o E2

-E2 (36)

Since hFE2 is given as 53 at 0° C, then from Equation 36:

- 160 _
Bz " 53 S mA

To determine Q1 drive capabilities, from Figure 1, the Q1 current is given by:

= + + -
Vcc [El 1:{5 VcE1 acl IBZ) R4 (37)
since,
= +
L1 7251 'm1 ¥ emos 38)
' also,
I_ = +1
c1” ra Flpe (39)
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Then substituting Equation 38 and 39 into Equation 37, and solving for IE1 avail-
able at minimum Vee, - :

. Vee " %opor ~ m2) By~ Vom 40)
: |

Now, neglecting Icho at 0° C, and letting B2 =3 mA, then substituting worst
case values into the above equation.

I = 24 + 3mA (258) - .23

By T 1175 +.98 (258) L 2mA

Using an alternate approach to determine hFE2, IB2 available must be calculated
for the specified circuit conditions.

Since,

Tgs " o1 " TRe | 41)

And, IB2 of interest is TB2 deliverable under IC1 conditions,

Then from Figure 3-20,

Vcl B VBZ “2)

where

2 %6~ VBE2 - “3)

=V -1
Vcl ce E

Evaluating the above equation:

V. =24-1.65-1,06=21.3
cl

And since,
V -
T _ ¢¢ cl
e "R (44)
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Using the above values, Equation 44 becomes:

— 24 ~21.3
= =14,8 mA
IR4 183
and from Equation 41:

I ~14.8+3=17.8 mA
<l

The above value is slightly larger than that obtained from Equation 40,
Therefore, use the former approach.

To evaluate Q1 drive capabilities, since hFE1 = 60 at 0° C, then, using Equation
36, :

From Figure 3-20, the Q1 base current is given by:

vy © IRzl R " Var * VE 45)
where,
e = Tea * Ipy @8
and,
Yy
1,- -@ f./Rz c, | (47)

Solving Equation 45 for minimum IR2 available:

_ f_1_ “Vee1 " Vm
I ==l (48)
R2 R
2
where,
VE1 =15 ] 35 (49)
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and for IE1l = 17.2 mA:

VEl =17.2 (1173) = 20. 3V

Substituting into Equation 48,

_24-.84-20.3 2.86

'Re 2927 2927

=,97 mA

Since the above value is greater than the required IB1, it is sufficient to drive
@1 and subsequently Q2.

The effects of maximum Vece may be evaluated by repeating the above analysis.

" From Equation 28, hFE3 required is:

_h = T Egs IE.?.. R6_ == = (50)
FE3 oy, [Vcc ~Vees B~ Verz ~ Vees T B3 RLZ]
By ang

Substituting worst case values into Equation 50:
_ . 97 (5. 3) (10. 2) 52.5
heps™ 98 (25-.4-1.26-5.3 (3.94) 2.6

=20

Since hFE3 available to 0° C is 35, the above condition is satisfied.

For the required pull-in, the current drive required by Q3 at maximum Vcc is
the same as for minimum Vce. Then, the Q2 voltage drop will be shifted. Or,

VcEZ

v 1+
VcEz (sat)y+1 +1.39

Then, from Equation 34,

IEZ =162 mA

And for Q1, from Equation 40,

C Yoo Yoon B By " Vo

= = (51)
+
El R5 d’Nl -17{4
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And for Vee = 25,

25, 54
=——=11. A
[El 1427 17.8 m
Maximum IB1 required, however, occurs at maximum IE1 possible, or from
Equation 40, |
= _ T _
- Vcc (IcOI B2) R4 VCEI

g~ — (62)
Bgtaey Ry

Substituting worst case values into Equation 52,

=~ _25-3mA (191)-.08 24.42

E1- 837 +.98 (191) 1015  2o-8mA
and from,
i
b1 s”h_El_" (53)
FE1
or,
- 23,8 _
IBl ==%0 " ° 4 mA
Now, from Equation 49,
Ve = Iy Rg = 23.8 (827) = 19.7 (54)
And from Equation 48,
Vi“ Ve " Vm '
Ira = R (55)
= 2
Substituting the parameters into Equation 55,
25 = . 8 - »* -
L, = 2-19.7 _4.46 _, 53ma

R2 2927 2927

This value is sufficient to drive Q1 at IB1 = . 4 mA,
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c. Solenocid Pull-In

The solenoid pull-in force is directly proportional to the coil current, IL2.
Neglecting transistor reverse saturation current, and R7, then:

=1 6
L2 = s ©8)
or,
= +V __ +V___+
Vee " B2 Be * Ver2 * VBEs " 'E3 P2 67
gince,
1 E
FE3
then,
Vcc - vBE‘." h VcEZ .
1 = (59}
E3
RG R
5 + L2
FE3
Minimum pull-in at 60° C is given by:
_ Vgg ~ VBEs ™ VeE2
I = (60)
E3 =
b Fro
¥E3 '
Now, for hFE3 = 41 at 60° C:
[ L24-1.1-.57 2238 .
B 6. 20
—t—r
22 5. 96
And, since:
VEs " 'E3 Pre (61)
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then for the above values,
= 3.6 (5.96) = 21.4V
V§3 3.6 )
Translated to manufacturer's specifications,

21.4 L]
=241 g svatesc
Vbullein = 1.16

which is equivalent to 4. 75 lbs. force at 60° C.
Similarly, at 0° C, assuming sufficient hFE3, using Equation 60:
| _24-1.26-.55 _ 2.2

E3 T 5.11

10.2
+

=4, 3A

from Equation 61:

=4,3 (4.82)=20.7V
VES 3 ( )
and,
_ 20,7 o
VPuIl-in " 23vVat 25 C

which is equivalent to 6. 5 1bs. force at 0" C.

Maximum pull~in voltage is of liftle interest, except to determine solenoid
stress, which is a maximum of 30V + 10% at 25°C, or, .9 (30)=27V+10%at0°C. In
addition, VE3 cannot exceed Vecc = 27V, therefore, maximum allowable solenoid voltage
cannot be exceeded in the event Q3 shorts out.

For maximum power supply load, calculate VE3 at 0° C.

Then, from Equation 60,

L, = = == (62)
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And substituting worst case parameters info Equation 62,

T 25 ~-.8-.2 24

= Sea—— = § A
E3 9.8 S 4,12 5.82
i
53 3.94
From Equation 61,
V._=I_R (63)

VEs = kg L2
Or under worst case conditions,

VE3 = 5. 82 (3. 94) = 22,8V

d. Transistor Switching Time

1) Turn-On
System specifications require a minimum allowable rise time of 5 ms for a
6 A current step, and approximately 3 ms for a 3. 6 A step. Neglecting Q1
base current, the circuit turn-on time is given by:

v
T = R,C,L —V—L_V— (64)
" e

Where, VBL is dependent on the circuit parameters and worst case varia~
tions. For minimum turn-on, Equation 64 becomes:

v
T=R ¢ L ———— (65)
-2-2n V,-Vy

VBl will be minimurmn for IE1 minimum, and IE1 will be minimum when all
hFE's are maximum, thus requiring minimum drive. Since hFF's are
maximum at 60° C, calculate drive requirements at 60° C.

Thus', letting,

I

c3 ~ N3 g3 (66)
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Now, solving EquationIZ'? for IE3

s +°‘N3R6 SV 4 Tos  _VBEs +ICP.02
E3 L2 h 9 CcC « aN2 R_o

a
FE3 N N3 7 N2 a N2
R - Vegs ~ VpEs
Resulting in:
I v I
cb03 BE3 cb02 )
vV o+ - + R. -V -V
- a
ce (“Ns Nz B7%ne ne/ & CE2 'BE3
Igg = (87
E3 a R
R N3 6
12 h___®

FE3 N2

To determine the rise times, ICBO and the IR7 current may be neglected, then

Vee " VEs ™ Vome
Tga= — (68)
R
_S.+®
E L2
FES3
And at 60°C
24 -1.1 - .57 22,33
Ips = 102 . 96- = %1y = 3-65A
62 .
Since,
3 lgs
oo = - (69)
FE3
then,
_ .98(3.65) _
Iga = S5 = 58 MA
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and,

Cc2
I}C_Z - @ N2 = %9 MA_.
Then, since
\'% =vV__=V__-1I__R, -V

C1 B2 CC "E2°6 BE2

Solve for VC1, to yield minimum IC1, or

Ver=Vee " k2 Be ” VB2

And, substituting values into the above equation:

Vi =24 - 59 MA (10.2) - .7 = 22,7V

To calculate IE1, let

Ic1= re " 12
where,

- Vee " Va

R4 R 4
and,

[ = Icz

B2 hFE2

For worst case 60°C conditions,

v
£ S oy

- 259
Ry

= 5MA

ha =~

(70)

(70)

(1)

(72)

(73)

(74)

(75)
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And,

Cc2
— _58 _
I§2 = ]{ =56 - .96 MA (76)
FE2
or,
IC_1=5+.96= 5,96 MA
and,
5.96
IE_l =985 ~ 6 MA
Then from,
V. =V +V (17

Bl El BE1

or for minimum VBI1,

vBl = VEl + VBEI (78)

<

Il
[
=

Fl El 5 (79)
Then, at 60°C:

Vg, = 6MA (825) + .53 = 5,47V

Now substituting the above values into Equation 63, at 60°C;

24

T= 2913 (5.9 £ f) ln-m

= 17.2 MS (.2C) = 4,5 MS

which exceeds the specified maximum of 3 ms by 150%.
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The maximum turn-on time requi'red must be calculated to insure that the
solenoid switches before the relay timer drops out. From Equation 64, the maximum
turn-on is:

T = Rz 02 In—— (80)

1 Bl

VBl will be maximum when IE1l is maximum, which occurs during the maxi-
mum drive condition, or at Q"C. Since the drive requirement calculations at 0°C were
based on minimum pull-in, IE3 must be determined at Vec., Again, from Equation 67:

_ Voc VBEs " VcE2
Ig = RG . (81)
+ R
hE§3 T12

or at 0°C,

-i-E3=259-8.8 - .2 5.7A

_35" +3094

and,

- 4 N3 -fcs .98(5.7)

lea ™™ N 35 - 160 MA

FE3

from which,

T __ =163 MA

E2

For maximum IR4, from Equation 70,

Var 7 Vee " 'e2 e~ Vaee __ (82)
‘And at 0°C,
V. = 25-163 MA (9.8) - 1.06 = 22,34
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From Equation 73,

_ Yoc Ya

R By
and at 0°C,

- 25 - 22,34

= —— = 14 MA
4 191

Now, from Equation 74,

T, = hcz - 1:; - 2.86 MA

FE2

and ﬁ‘om Equation 72,

ICl =14 + 2,86 = 16,86 MA
or,

- 16,86

IEl =" 98 17,2 MA

And from Equation 77,

Vo1~ VEr T Vem

and,
Vg1 = g1 Bs * Vpm

Substituting worst case parameters into Equation 85,

V.. = 17,2 MA (1173) + .84 = 21

B1

3K-20
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Substituting worst case parameters intc Eguation 80,

25

T = 2027 (103 £f) In——o— = 30 (1,82) = 54,5 MS

25-21

Since this is greater than the minimum relay tifner drop out (41.5 ms}, the
time required to reach minimum pull-in voltage must be computed, From the manu-
- facturer's specifications, for 4,5 lbs, pull-in at 25°C, VE3 = 18V, and at 0°C, VE3 =

.9 (18) = 16,2V,
For this condition,

A

- E3 16.2
I = = = = 4.1 .A
E3 RLZ 3.94
and,
- "‘NTES 98(4.1
e = 2282 115 ma
TES
Also,
IE2 = 117 MA
From Equation 70,
Ver ™ Voo " Te2 B - Vpge
and at 0°C,
VCl = 25 -115(9.8) - 1,06 = 22,8V
- 25 - 22,8 _
IR4 = 191 = 11,5 MA

b

(86)
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From Equation 74,

And from Equation 72,

T

C1

= 11,5 + 2,05 = 13,5 MA

From Equation 85,

v

Bl

= 13,5(1173) + .84 = 16,64 V

Substituting the above values into Equation 80,

T = 2927 (10,3 uf) In

25
256 - 16,64

This result is well within the minimum relay timer dropout.

2)

3K-22

Turn-Off

Since the the transistor switching times are inherently very fast, the
driver turn-off is dependent mainly on the decay of C2, This is given

by:

t = RC Ln —
e

C

or, for one time constant, at 60°C,

t
max

and at 0°C,

t .
min

=R, C, = 388 (11 pf) = 4.27 MS

= R, C, = 275 (5.4 pf) = 1,49 MS

= 30 (1,1) = 33 MS

(87)

Or, turn-off time is primarily due to RC, and is only slightly affected by
the inductive time constant L/R = , 26 ms,



e, Transistor Power Dissipation

In general, transistor dissipation is given by:

P=p (toff) R (ton) * P(tswl) * P(tswz) (88)
where;

topp = OFF time

'tON = ON time

tSWl = turn-ON time

tSWZ = turn-OFF time

Assuming a linear rise time, the energy dissipated during a switching interval
is:

vcgﬁ’ff’ fow

Wtsw - -Ic 6 (89)
Neglecting tSW off, storage and delay times, the average power over a cycle is:
_Vee om) e fon * Ve (oFm ToBo foft , VCE ot 'csw @0

avg T - 6T
where T = switching period,

Due to system requirements, Tmin = 2 seconds. From the relay timer, which
has a maximum ON of 141 ms,

ton * Gy = 141 ms (91)

From Equg_t_ion 90, itis clear that maximum dissipation occurs for TSW’ TON’ T;,
VCE(©N), ICBO, VCE (OFF). Moreover, the worst condition occurs at 60° C,
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and maximum Pyye ., will be compl_lted at 60°C, Since maximum VC E3(ON) results
for VCC, VBES, ‘FCEZ, hFE3 or (IE2) and IC3 maximum results for RL2, Then from
Equation 67,

7 obos _ VmEs ,‘emoz ). T 3
- CC\apga gz Froys  8ys /-6 CE2 'BES .
E3 a3 Rg - 02
R, +—o
L2 bppge

and substituting into Equation 92,

32uA 1.1 328A
T =25+(.965 .98(3,250) T .98 )9'8"°41 - 1.1
E3 .98(9.9)
4,88 + 98 (41)
and,
- 25-.325-105 _
Tes = —2.88+.22 =~ +724
log = ayg lpg = -98(4.72) = 4,624
therefore,

v

fl
)

g3 ~lps Rpg = 4-62 (4.88) = 22,5V

—

VCE3=VCC - VE3 = 25-22,5 = 2,5V

Now, calculate the maximum tSW at 60°C, From Equation 64,

— - vy
T=ch In————

R (93)

Vi~ Vm
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To calculate VBl, begin with I1C3 = 4,62 A, Then,

- _on3'cs _ .98(4.62)

I = = 110 MA
C2 hF_E_3 411
and,
- _110 _
IEZ =98 - 112 MA
From Equation 70, for maximum IR4,
Vo1 = Vee " Tg2 B ~ VaE2
or, substituting values,
25-112 (9.8) - ,91 =23
Vgl - 5 9.8 9 v
From Eqguation 73,
- VCC ] Vgl 25-23
s—_— = = 10,5 MA
IR4 ﬁ 191

And from Equation 74,

T
LBZ=h02 - 1;20 = 1,53 MA
FE2

Also, from Equation 72, -

ICl =10.5+1,53 =12 MA
or,

- 1

I =22 _ 12,2 MA
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Then, from Equation 85,

ir'Bl =12,2 MA (1173) + ,70=15V

Substituting the above values into Equation 93, at 60°C,

— 25

T60°C = 3878 (11 f) In 2502 - 42,7 ms3 (.92) = 39 ms
or, tSW = 39 ms,
From Equation 91,

T .. =141 - 39 = 102 ms

ton
and,

t . =25-,141 = 1,86 sec

off _

Now, substituting the above values into Equation 90, for Q3 with VCE3 (ON) = 2,5,
IC3(ON) = 4,62 A, toy = 102 ms, toFr =1.86 secs., T =2 secs,, VCE OFF = 25,

T _2.5(4,62)102 ms + 25(32 mA) 1,86 _ 25(4.62) 39 ms
Q3 2 6(2)

=1,7Tw

Similarly for @2, VCE2(ON) = ,41, IC2 (ON) = 110 mA, ICBO =,32 uA,
Then,

_+41 (,110)(,102) + 25 (.32 BA)1.86 25 (,110)(39 ms)

PQZ 2 12

= 11,3 mw

Also for Q1, IC1(ON) = 12 mA, VCE(ON) = 8V, ICBO = ,32 uA, Then,

EQI _ 8(12 mA)(.102) +225 (.324A)1.86  25(12 m{az)(as mS) | e g imw

Junction temperature may be represented by,

Ty =T, +8; , P (95)
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where,

6c-a | ‘ | (96)

8547 9% ¢’
Neglecting thermal capacitance, at T, = 60°C for Q3,

T, = 60 + 34,875 (1.7W) = 119.2°C

Similarly for Q2,

T, = 60 + 188 (11.3 % 107%) = 62,12°C

And for Q1,

T, = 60 + 438 (5.9 x 10'3) = 62.58°C

To prevent thermal runaway due to thermal regeneration, let

3P 1
BTT = 6' o7
J JA
Assuming,
. _ 10% ICBO at 25 C/ 08
CBO _ °C
then,
A€l 1mA
3lapo = @ = /c.C
and,
aPJ = VCCaICBO = -.25 (.1 mA) = 2,5 mw/uc
or, substituting into Equation 97, for Q3
2.5 = 1. 28,8
O MW =754 875 T 4.0 MW
3K-27
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For Q2,
ICBO = .032 uA/°C

J-A = 188°C/W

= 22v (,032uA) = .TuW
aT
J
and,
LTUW = 0053 w
For Q1,
ICBO = 0,32 uA/°C
J-A = 438°C/W
aTJ
and,

JTHW =2,3 mw

Q3 Reliability

Although the junction temperature of Q3 is well within specifications, transistor
failure rate is somewhat proportional to junction temperature, and it is desirable to
reduce the junction temperature of Q3 with a small heat sink, For example, for a heat
sink of 3/32" copper X 5 sq. in., the S-A = 6,8°C/W,

Now since,

=6

8ca " Ycs tOsa

Assuming a very low resistance insulator, §o_g = .5°C/W.
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Then,

6cp = T3 C/W

and,

= = °C+ + = °
T, TA+(6JC+60A)PT 60°C +(,875 + 7.3) 1,7=T4°C

This results in approximately 40% reduction in junction temperature,

f. Hold Circuit

1) Holding Force

From the manufacturer's specifications, the minimum holding force occurs
at VCC minimum, 60°C, or

Hold . = 4,81bs
min

Also, maximum hold occurs at VCC maximum, 0°C, or

Hold = 7.8 Ibs
max

Since a minimum of 2,5 lbs, is required and 4,5 lbs, is specified, the
above force is sufficient,

2) Rise Time
The build-up of current in the hold coil is subject to the time constant:
T = L/R

or 63,3% of holding force (3 1bs.) will occur at:

M|
1
1| e

Then, at 0°C,

_26,5mh _

T 99 .27 ms
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Since the minimum pull-in time is maximum for 41,5-33 = 8.5 ms, the hold
force will be sufficient to hold the slug once pull-in force is discontinued,

Hold Coil Power Dissipation

Maximum power dissipation occurs at 0°C where the coil resistance is -
minimum, Thus,

_ 2
2
P60°C -——B == 5,1 W

Since this is continuous power, it is recommended, space permitting, that
the coil resistance be increased by using smaller wire, while at the same
time, fo preserve the holding force, increase the number of turns,

3,0 MOTCR CONTROL

Minimum available relay voltage is:

Vcoil - Vcc - Icoil Bcont. 99)
where,
N . _ Vcoil
I contacts = I coil = R ooil
and,
- _ Vcoil
coil Ecoil {100)
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Solvin_g for V coil:

il

101
Vcoil ( )

or

v - 24 23,98 V
coil 1+ o2
263

Q3 Heat Sink Analysis

Maximum allowabie transistor junction temperature for ERTS is 110°C, As
shown in Figure A-2, the Q3 heat sink is 6,6 sq, in.

2.75

Material: copper clad
o . circuit board (, 0028 in, th,)

3.5

Figure A-2 Q3 HEAT SINK

Neglecting convection (zero gravity) and conduction, for Apeat sink «< Asurface:
radiant heat transfer is given by:

4

' 4
Q=40 (T, -T,") BTU/hr, | (102)
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where:

Heat sink area (ftz)

Al =

el = Emissivity (0.8 for unpolished copper)

o = Stefan-Boltzman constant (0.173 x 10-8 BTU/hr - f5-RY
T1 = Temperature of heat sink (" Rankine)

T2 = Temperature of surrounding surface (° Rankine)

For a uniform heat sink temperature, solving Equation 102 for Tl’

4 1/4

+ cT -
T = R e Bl (103)
1 Al €0 - .

Since PT = 1,7W, and 1 watt = 3,42 BTU/hr,, then,
PT =1,7(3,42) = 5,8 BTU/hr

and,

solving for T1,

1/4

3,42

T, = = + 600)Y)
.0458 (,8)(.173 x 10

or,

T, = 650°R = 190°F =—g- (158) = 87,5°C

Now, for a heat sink mounted transistor,

T3 = To * (650 %0 ) P (104)
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where, for mica,
bo.g = 3 C/W |
substituting values into Equation 104,

TJ = 87,5 + (.,875+.5) 1.7=90,7°C

which is much less than the allowable junction temperature of 110°C,

3K~33/3K~34





